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Experimental investigations are conducted wherein kinetic
process associated with the gas phase radical species HgBr are
studied. These studies also serve to provide pertinent
information to the development of the blue-green HgBr (B+X) laser,
The experiments utilize laser induced fluorescence (LIF) and/or
chemiluminescence as a means for observing the collisional
behavior of HgBr radicals. Rate coefficients are measured for
the quenching of electronically excited HgBr(B2Z+ ), vibration-
ally excited HgBr(X22+%-v"), and the probability for energy
transfer between metastable Hg(63 Py) atoms and HgBr (x2:* L) .
Various states of the radical are prepared either through
photolysis of HgBr, yielding HgBr(?2?+;) or photoly51s and
subsequent spontaneous emission produc1ng HgBr (x2 Z+%) Atomic
excitation in mercury is via resonance absorption using 253.7 nm
coherent radiation followed by spin orbit relaxation with N
buffer gas.

Various collisional partners (HgBr,, CO, COp, Oz, Hp, Xe,
N, and Brz) were used to assess the electronlc quenching of
HgBr (E2 Z+%) The resultq show that Xe and N3 are inefficient
as quenchérs ( ~10-13 cm3molec-ls-1y implying that both are
suitable candidates as a buffer gas for the HgBr(5—.!) laser.
However, the other species have quenchlng rates which are
orders of magnitude larger ( ~10-10 cm3molec~ 1s-1), these
large quenching probabilities are attributed to reactive
collisions or collision induced dissociation of HgBr. Using
LIF, vibrational relaxation within the X2“+; manifold can be
observed and quenching by the rare gases was found to be very
efficient, specifically, rate coefficients measured for the
quenching of v" states near v"+22, the lower laser level, was
found to be gas kinetics. Furthermore, the quenching
probabilities show a linear dependence with the Cg parameter 1
of the van der Waals interaction potential, implying that the !
magnitude of the quenching cross section is controlled by the
long range attractive forces.

Measurements are also reported wherein Hg(63PO) is
deexcited by collisions with HgBr((ZZ ). The quenching rate
coefficient is considerably larger ((1.740.8)x10"? cm3molec~lg-
than the hard sphere collision rates and is consistent with
ion-pair formation via the harpoon mechanlsm. The ion-pair
produced correlates with the HgBr (B2: %) product and provides
a direct efficient pathway for channeling metastable Hg (63Pg)
excitation into the upper laser state HgBr(B V+%)
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Varicus collisional partners (HgBz,,CO,
Q4.049.85.Xe,Ny and Bcy) were used to assess the
electronic Jquenching of lql:(!zi’l/zl. The tesults show
that Xe end Ny are inegficient as quenchers (- 10713
=-3=°1.¢-1,-1, i\mplying that both are suitadle
canditates a8 a duffer qas for the AgBr(B—>X) laser.
However, the other species have qucncbinb rates which
are ocders of magnitude larqger (- 10710 en’molec~ls"ly,
these large quenching probabilities are attributed to
reactive collisions or colliston induced dissoctiation of
A9tc. Using LIP, vibrational relaxation within the
::E‘l/z manifold can be odserved and juenching by the
Tare aases was found to be very efficient, specifically,
cace coefficients aeasuted for the quenching of ¢°
States near v*=22, the lowver lasecr level, was found :o
Se gas kinetic. - Furthermore, the quenching
orobabilities shov a linear dependence vith the Cg
pacaseter of the van der Waals interaction potential,
iaplying that the magnitude of the quenching cross
section is controlled by the long zange attractive
fozces. .

Messurements ace also reported wvhetein lq("ro) is
deexcited by collisions with HgBr(X25%) ). The

quenchine rste coefficient is considerably larger

1(3.720.81x107% cmimotec™ls™ly shan :he hacd sphere
collision rates and (s consistant with {on-pair
forrmation via the herpoon mechanism. The ion-pait
2toduced correlates vith the qur(azﬁ‘llz) product and
Provides a cirect efficient pathway for channeling
netastable !q(G’Po) excitation into the upper laser
state qur(!12°1,zh

PREPACE

In this tresatise, an effort has been made to
investigate the kinetic processes sssociatecd vith the
cradical species RgBr. In particular, experiments vere
designed to focus on the collisional behavior for she
quenching of electronically excited AgBr(B) species. e
deactivation of vibgationally excited HgBC(X,v")
moleculss, and the probanility for energy
transfer,/resction dDetveen metastadble lq(t’?oi atoms anc
ground states RgBc(X) radicals. The experimental
results provide data which ace found to be pertinent tc
the development of the HgBr(B==>X) laser and in Jeneral
quite beneficial to :the jeneric class of HgX lasers,
Furthernore, these results are recast 20 add o =he sody
of knowledge concerning interaction processes of simple
free radicals.

The 3sin body of the text consists of five chapters
with the first primarily devoted o an introduction of
the subject matter. The tert also presents the relevant
investigations to date and discusses those areas vhere

further reseacch (s necessary. In Chapter I,

experimental results sre presented for the collisional
deactivation of electronically excited Hger(8) radicals.
Rate coefficients for various collisional partners
(EgBr,, Ay, COy. CO, O3, Hye Xe, and Br;) aze medsuted
and where appropriate, juenching mechanisss arce
discussed. Chapter III .s devoted to messuring :he
collisional deactivation of 7ibrationally excited
AgBer(X,v") species. Rate coefficients are measured for
the deactivation of high vibrational states (v°-22) in
B9Br(X,v"); these v° levels also serve as the ground
scate for HgBr{B-->X) lassers. 9y using laser induced
fluorescence at several vavelengths, the deactivatjon of
RgBz(X,v") molecules through the entire 132’1,2 manafold
can bde aonjitored. In addition, the Absorbing-Sphece
nodel wvith van der Waals interaction is presented as o
possible scheme for descridbing the quenching aschanisa,

The final expecrimental P (a9 a4 the

possibility of energy tzansfer vis chemical pumping of
AgEr(X). Cxperimental results are presented for the
deactivation rate of metastadble !q((’!ob atoms by
AgBr(X). The cesults are discussed in light of
correlation diagrams which shov possible products and
chacge transfer theory vhich describes the teaction

mechanisa.




Finslly, the discussion in Chapter U is presented
23t futute investigation and Chapter V1 contains a list

3f sdlected bibliography.

CRAPTER

INTRODUCTION

For a numdar of years, theze has Deen an
interest 1n studying various jJas phase processes
associated with the free radical species BgX(XeCl,Br,I).
These diatomics vere ficst observed nescly 100 yesrs
2g0° Dut ace once again tha subject of active
Zesearch, bdscsuse they have been fouxd to be potentially
91l suited to be the active species for an efficient
high power laser.? Augnenting these laser studies, a
host of other experiments have been done to elucidate
sone of the elementary physical and chemical processes
of these radicals.’ In this treatise, effort has been
placed to provide sowme insight into :hese kipetic
Processes relaced specifically :o the cadical species
9g8r.

s Siapls frae tadical

It i3 pechaps vise to take the e¢ffort and acquaint

the reader with a few concepts vhich would sllow a perse
qualitative undecstanding of wvhat thece is to faollow.
it nas been previously mentioned that Bght 18 a free
cadical. Generally, all free radicals ot cadicals age
transient species, in that they can be potenc.ally
resctive and usvally are difficult to produce and study
in the free state. They can de physically stable,
meaning if undisturbed by collistons they do not

® ly decompose.’ various metbods have Deen

used to produce cadicals and observe thes. Their
spectra in emission has Seen observed in convent:.onal
tlames (CH.C,,0M,% atomic flames® vhece the

interaction of atoms with colecules give the radical
emission and :hrough various chemical KQICZLOHI.. They
hsve been produced in electric dxlchnrqca' {CR,Car o8
photolysis of stable parent moloculel’ (CH,MR,OR).
Observing radicals in absorption 1s much sore 3ifficult,
since the electronic states of the readical may not oe
vell known and in any production schese, one has 20 deal

with other wmolecular frzaqmuents wnich may &lso absorb.

Chemical Xinetics: Ihe Expeciasatal Zschaigue

It might also be fruitful o briefly address the

o

subject of chemical Kinerics. .n the sense of :t 5eing a
ussful experimental :echnique %or studying interacs:ion
PCOCESSES ON & MACIOSCOPIC level. Broadly defined,
chemical kinetics is the study of svstems vhose
composition or energy distribution is changing with
time. It compliments thermodynamics, in that
thetmodynasics allows one to predict: the probapilisy cf
a particular reaction taking place, vhile kinet:ics
provides information on the reasction speed.l9°12 one
tvo sciences differ in thst for thermodynamics the
equilibeium constant for a reaction {s independert cf
the path leading resctants o products., wvhale the

ktnecic rate of resction i8 strictly dependent on zhe

individual steps. In fact. the individual steps terned
a8 the sechanism of the reaction is an important dar: ¢
chemical kinetics. The use of Rinetics as an '
erperisental technigque allows ane, undet certaan

controlled conditionr. o use measured quantities which

are not necessatily aseojute but merely proportional :o

the quantity !n the state. I[h ®seasuring a particular
feaction rate, it decomes the task to Jdefine :he

experiment as such, that its outcome reflects the

svolutior of the reaction under study in a simple

manner. fot instance. simple exponential behaviour i3




288V IC MEaSULE DACAUSE LT 1§ Not necessary to knov the ezponent.al expression s aslvays difficult to do,
initial quantities and a semilog plot versus time vill especially if k; is approximstely equal to ki, But :if
genstats the systes time constant. Chagactecization of for some :zesson ky of Equacion (P} is wmuch greater than
some simple reaction systems utilized in this theais are ky (£q. (8)), for inatance {f specim (B8] is in s short
3iscussed below. The simple ficst order resction vhere lived stace and it decays, changing chacsctet, then
{A] and [B) ace species concentrations and k the ceaction Equation (12) reduces to a sensidle first-order reaction
rate is given u.u naving the solation,

o= om o 9y = LI 1t 0N

~d{A}/dt * K[A] ) ky = kg
A} = [A]ge”*t 3
The solution in Equation (13) nov reflects the
zquation (2) is the differential rate expression and production of (3] (destruction of {A]) via reaction i6).
gquation (3) one simple solution. When the kinetic In retrospect it is perhaps important to bdriefly
equation invelves more than one reacting species, the comment on the kinetics of radicals, that of HgBr.
\nteqrated tate equations becowe complicated. In this Because of their trassient nature and potential for
sase, if the experimental conditions lend themselves to tesctivity one Can expect kinetic reaction rates o De
1t, it is possible to make an sssential isolation of ) very fast. Thus, it might be necessary to use
esch of the reaction species by adjusting their mneasurement techniques vhich ace cesponsive to fast time
concentrations so that one of them is present in scales. Purthermore, these radicals (BgBr) do not exist
‘ considerable excess. In this case the concentration of freely but aust be produced. The formation of these

she species present in excess will remain almost radicals from parent species also produces Jther product
sonstant during the courss of the :eaction vhile the fragments vhich complicate both the experiment and
overall reaction order is experimentally reduced. A kinetic analysis.

sipple psuedo-first-order reaction is presanted below.

(A} « [8) => 1C] + (D] téi Bisgorical sac ind
~d(Aj/dt = k[A][B] (5)
1f ‘Alg - 20{Blg, then [A] essentially stays constant at BgBry: The Parent Species for HgBt Radicals

the initial *alue of [Alg and,
Cne cannot beqin to present a proper historical

~d[A}/8t = ~d(B]j/dt 8 I(Alo"] = k'(B} (6) chronology of the mercury monohalides (fgXx. X=8¢,C2,I
(A}
(3l = ('lo. ' (N without first commenting on the historical background 3¢

the one prominent parent species BgX4(X=8z,CL.I). The
“hege again Eguation (7) is the simple solution to the
. emissiun produced by wercury dihalides in electric
113 n Equation (4). for consacutive type
. reestion £ discharges was first observed 100 vears sgo by Pierce.
tesctions vhere the intermediate concentzation is
The enission vas cesolved {ato discrete lines by Jonn“
ander study, considetr the following first-ocder reaction s
and shortly theceafter by Lobnmeyer. Tventy-{ive

sequence. years later Wieland tnitiated his thirty vesz study
A == W L {1929=1960) of the emission produced by discharge
(8] => (€} (£ excitation of mercury di-halides. e showved that most
-d{Al/dt = KjlAl (o of the emission lines arise from excited mercury mono- ‘
~4(8{/dt = Ky(A] = k3(B] 111 hslides (Bgx, XsCl,dr,1) snd made detailed assigneents,
tn particulaz, of the 8°%*, 9 ==> X¥E*) o bands in

snese firse~order and ficst-degree differential 1
8 ehoda t te1d HQX(Cl, B2, 1) .

tions can be solved standatd ne o yield,
Tquations > The study of photolytic pumping of megcury di-

[A1 gk e omat
' PR al.ul SR PO LN PLS 12

' Ry = Xy teported strong vigible fluorescenca vhen

halides is also over fifty yvears old. In 1937, Terenmin

' e soudt BoXyiXeCl,Be,I) vas irrsdisted vith ultraviolet light.l”
Reduci x, and k, expetimentally from & double
"N 3 el Specifically broad dand blue emission ( max - 3505 am!




vas c;lnrvod vhen figBtr; vas irradiated betveen 190-210
nm. Tectenin assigned the emission bands to NgSc, L.e,
the photodissociation producis vare the electronically
excited radical llqlr(lzz’l/zl and a ground state halogen
scidp) atom. (See ?i9. 1-1)

Rgbey > 8ese (83T’ ) - Bridpy g (14)

ngdr (825 /90 —=> mgBr(X3E%),5) + v s

Terenin's conclusion had been predicted by Nulliken in
1928.3%  1n 1932 Wietand ceported a mora thoraugh study
of the photodissociation of lqlrz.” Bis investigation
on the absocrption from 150 to 210 ne of the mercury di-~
halides tevealed three broad continuum sbsorptions i(n
Bq8zy. The absorption maxima were at 224 nw, 195 na and
160 nm a8 vell as 2 sezies of discretes bands near 183

am, Excitation in the figrst band at 224 am and in the

discrete bands near 183 nm prod d no fluor .
while excitation {n the bands st 195 na and 160 nm
produced emigsion detveen 505-350 nm and 270-250 nm,
respectively. In 1938-1940 Wehrli teported higher
cesolution spectra of the discrete absorption bands in
nqlrz." while Sponer and Teller interpreted the spectra
by assicning the spectral terms to the ground and

various excited states of lqlrz.n Wadt in 1980

rIG. (I-l). Photolysis of Hglr, at 193 na. The
emisgion spectzas is of BgBr(B—>X) and
wes taken at 300 R, corresponding to a
8g8r. density of - 1013 ca™), rhe cop
spactta is the vavelength calibration,
taken with a low pressure wmercury lamp.
) Soth spectra vere taken using an optical

sultichannel analyzer (OMA).

576.9hm ‘
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investigated the electronic structure of 3gBry and .:s
celationship to phctodtuo:ilnon.:z Using theoreticel
calculations he assigned eleccronic spectral termg :o
the low=lying excited states of HgBr; and cocrelaced
thes o various products using previous
Photodissociation experiments. The zpsults are
presented in Tadle (I-1).

with the advent of mercury monohalides as potent:al
candidates for high power viaible uuu.” there have
been & flurry of investigations on both the
decomposition of BgX,(Xe=Cl,8z,1) and the efficient
production of the excited radical RgX(BS*) 1. "ave
tor instance, has measured the absorption cross sectich
of HgX9{XeCl,Br,I) in the ultraviolet, he finds the
cross section at 133 nm (9 approximately 1210717 en?
for Agsry.2¢ wilcomp, in & later study. has nade an
absolute measurement of the efficiency for production of
uqlr(lzi’ln) vis photodissociation of MoBry at 193 am.
He has determined the efficiency %o de 0.98.2% Zare 1n
curn, has messured the electron impact cross section for
H9Xy to produce AgX(833*,,,).3¢ specifically for ager..
the Ctoss section wvas measuced to be 9.6:10'" cns,
showving that it is more efficient o produce
qut(lzi’l/z) fzom Mght, via UV photolysis than electzon
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TABLE :I-1l). NgBr; transition moments /") and
oscillator strengthe (£} f3r the vertical
dipole alloved escitations in feSr;.

Also 9iven ate the calculated
(experisental values given parenthetically)
excitation energies (AZ) of the various

states ‘Retfecence (22)),

observed
state % 4 A (nm) n t emi8si0n
lze a
1 -~ 0.0

1";11'\:"“',: €.72(5.64)% 263 1.15 0.0239 none

L5 20, =401 5.9716.36)° 200 3.20 0.232  50%-)s0nm

e ML R R 159 0.471 0.00636 270-250na

2aneolute enerqgy is -70,.5033% s.0 from reference '22).

Sneterence (191 .

12

impact. There alsc have beem (Nvestcigations o obtain
the rate constant for producing BqBr(B33°%) ;) via
dissociative excitation of HgBry by cace Gas metastable
atoms and Nzur’s;).z"" The rate constants for

fgBr 13%5%) 5] formation frow the excitation of BgBr, by
xe(IP;) and my(AT}) vas determined as (3.321.5)x10730
em’zolec ™! and greater than 1210°1%m’nolec~ts™?

respectavely,

Reactive Processes Which Yield EgB¢c

2ather than use zhe pacant wmolecule m,.
people have sought to produce QR radicals via reactive
collisions of metastsble mercury stoms Hg(67%; ) o) vith
halogen and halogenated hydrocatbon molecules.}? wien
Zegards to the halogens, it vas found that the ctose
section for cteactive scattering (production of excited
lqlnlzi’ln) wvag approzimately live times lacger for
the 3Py (3.4 ev) scate of g than the 3py (4.7 eV
stste.’?  Sernstein, in a cross solecuisr beam
chesiluminescene study, has placed the resctive crosa
section of 3y Ng vith Bz at spproximately 38334 s
observed spin-orbit dependence of the cross section

pechaps Leplies a potential berrier in the ’Po teactive

channel, but not in the Jpy. Of the halogenated
hydrocsrbons cested, the resction of ch.ou("zl has
the highest czroas section for producing lqcl(tzz’uzl.”

Spectzoscopy of NgBt

The spectzoscopy of NGBy vas 2irst studied by
Weilend in 13960 frem his discharqe emission studies
on agsry. Be assigned vibrational transitions and thess
Telative intensities for transitions between the 825°)
and 122‘1,, electronic states. Since then, it has deen
established that the ground state electronic
confiquration is 112’1/2.“ Otilizing Weiland's
ctegults, Cool and Cheung caiculated Pranck-Condon
factors and r-centroids for the B3~=>X transition in

37 prom P1q. (1-2) we ses that :ihe xZS’:,z scace

LL1TH
is bound by only 0.71 eV and correlates 0 ground state
B9(1S) and Br(?P) atoms, The next state sbove (X) is

the repulsive Azﬂ vhich also coccelates o ground state
stomic species. The first bound state, termed 825°) ..,
has a deep potential well (4.57 eV) and cortelates :c

the 1onic pair 89°133) and Br=(15). The mosr prominent
feature of these potential energy curves is the relative

displacesent of the !nternuclear sepacation at the

F1G. (I-2). Potential enecrgy curves for the (X),(A)
and (B} states of 29%xg7%sr without spin
orbit coupling.
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equilibrium point for the (B) and (X) states. Because
of :his unique character. the mercury mono-halides have
Seen termed as excimer “like’ molecules. Any Franck-
Condon transitions from low vibrational levels of the
‘81 sctate end up at high vibrational levels of the
around ‘X) state, populations f{rom these high
vibrational levels can then de collisionally remuved.
Collisions with the excited solecule BgBC(33%*),,).
hereafter as AgBr(B), will vibrationally relax the (B)
electronic state manifold and further increase the
population at lov vibrational levela. This i3 sppetent
when studying the HgBr(B==>X) emission spectia (See Piq,
{I-1), the prominent pesk near 500 nm corcesponds :5o
ccannitions frow lov ¢ of the (B) scate to high v of
the ground (X) state. Wadt has studied the elsctronic
seructute of Rgdr, specifically the (X), (A), and (M
ltitct." Re £inds that as the intecnuclear distance
decteases attractive {onic charscter begias to mix into
the covalent (X) stste vhile repulsive covalent
character enters into the ionic (B) state. At the
equilidrium separstion for the B) state (Re'), both (X)
and (B) states «re neacrly $50-50 niztures of covalent and
i1onic character, vhich saximizes the B==)>X traneition

aosent at (Re'), At the equilibcium of the (X) state,

the (B) state is mostly (808} covalent while :=he 'X)

state 13 mostly (BO%) ionic. <The introduction of spin
orbit coupling in the calculations for RgBr ‘B) and (X)
states has only & ainor effect. Some of the effects are
removing of the A state degeneracy, vhich splits into
two states A21;,y, A%y,; and the reduction of che IX)
state dissociation energy to (0.3 eV, Wilccmb and
BSernstein have calculated the xzi’l,z state dissociation
enecqgy from an analysis of vibrational level spacings

using Wieland's spectroscopic dntl.”

they claim =hat
though their extrapolation is less secure for SoBr than
Agl, the best estimates value {8 0.74 eV. There have
alsc been theoretical calculations for the AgBr(B—=>X)
radiative lifetime by Wadt ( - 26.0 ns138 ang 5y Duzy
and Aysman ( - 16 n9).40 <he latter study, not as
detailed as the former calculations, used a pnvsicallvy
intuitive chacrge transfer model in describing the 3-- X
transition. All the spectroscopic data for AgBr which

have Deen gleaned from various sources are tabulated .n

Table (1-2),

TABLEZ (I-2}. Spectroscopic constants for the (X), '}y,
(C), and (D} states of HgBr gleaned from

various sources.

state T (eV) R (M) voicml) xovo(ca”l) By(ew™l) g (ea”?

03y /p 4.708 228.5%  o.3s0
2
Ny
2 b b a -] 5 - z
8357, 2.70° 3.04B 13501 0.29 0.0322  0.l0c96
L WITEE R 0.30% 0.930°  0.00008¢
2 b a a ] b
%357 2.61° 186.2 0.97 5.044 .00040%
12 2.82° 9.043¢ .00021°
State Dy lev) 3-1] L1E-1) .-

835, .7Poesr? sisp 3.00,4.2% 26.2P.23.7¢

x33},,  o.4t®0.m* 2.2
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'ABLE (I-2) . {(coatinued)
¥ TABLE (1-3), Measured laser vavelengths for the mercury

halide BGX(X=Cl,Br.1) B2E} s -=> 2333,

lasers.
Notse Parameters®
State Dgtcn™h el sia™h Moleculs \(ade) tn mm
2
» 19,997.5 3.088 0.236
fin ‘ ngac® 302.0, 502.3, 502.6
$03.9, $04.2, $04.6
3 6093.0cn"t 2.6651 2.807
212
mgc1® 552.0, 555.0
558.0, 559.0
aq91® 443.0, 144.0

2reterance (36)
SReterence (38)
Speterence (37)

Sneteronce (44) s
Refezonce (47)

“Reference (45-46} .
Reference (48)

20 i

9Bt (B~='X) Lasecs electric discharqe!, and wetastadles (reactions with

#9°, xe”. NJl. In the case of optial pumping ‘193 e

A i entioned,. the asrcy onohal ides
s previously = oned. eccury » . Aff laset photolysis of HoMr, vaper) lasing output wvas

have a lar relative displacement of tne (X) and (B)
s ge rel places otserved using both transverse and longitudinal

lectronic statsa (see Pig. (I-2)), slong vith lar
. 9 » tlone I excitation, with the :ransverse scheme 3iving highet

(8~—>X} trensition dipoles (s Table (I~-2)). These
4 po taee b gain.'7 to dace, there heve been more studfes on the

forzuit circumstances allow for l1stion inversion
orsuttous Popu. fgBz (8~—>X} laser than (ts countsrparts HgCl and HAgl.

d ng actio Purthersoe under ical operstim
and lsing don. . e pere 9 fighe offers the advantage that the particular lasing

conditions, the excimer "like” nature of these radicals

wavelenqths scre vell suited for undervater applicstion

1a 1.
prevents bottlenacking f the lover laser leve Using in laeer conmenuonl.“ and it can be cleanly and

various pusping sch £11 the uercury halides efficiently produced using the high power AzP laser o

n:x(x-cl.lt.l)znn bees shown to lase on ::0“ phetolyze BgBrg. . Output frowm the FgBr free running
- — * 'y -
843 /2 =X >3 172 tiectronic tran ition. Table ascillator comsiste of several lines (see Table (I-1)',

‘I-3} shows the obse lasing vevelsng foe the centeced around tvo peaks at 502 and 304 nm. The lines

o 77 Seen
various mercucy halides. Since 1977, there has are due to different rotational-vibrational transitions

VX (B~ .
cesearch to obtain am efficient WoX{ >X) laser, This between the (B) and (X) states, vith the sdded

has prospted the desica and building of HeX lasers using complexity caunsed by Sr and Wg isotope shifts. In the

numerous excitation sch ~ Since the upper laser main guin ceqion, there is sufficiently fast intersction

level lifetimes ate short (see Tadle (I-2] for Begsr), between the various states that frow ¢93% =0 505 nm, one

large sxcited state popslations can only be ebtained by effectively observes the behavior of a homogeneously

i "X
intenaive pumping schemes. AgX(B~>X) lasing sction has beaadened u“.““n_“ Thus, by injecting s nNatrrow

Byx
beer achieved vis escitation of Byk; or otber compounds band signal {nto the MQSc ocecillator, the lasmer output

-
ons [ 4 ¢ 17
by OV phot (193 nm AcP laser, Xey ewmission at 172 tpectrus L8 condensed and locked to the injected signal.

. e 4
nal. electrons (electron besm, UV prelonized traasverse Single line operation of 9.03 ~m width :unadle betveen




49% and 503 nm, has been demonstrated vwith ocutput
energies equal to or exceeding that of the free-ruaning
osexuno:.” Cucrently, RqBr/NgBry; dissociation lasers
operate in pulsed mode vith Ny and Se as duffer gases.
The mazimus laser output energies (3.8 J) has Deen
obtained with an £ deam sustained discharge vwith an

averall efficiency of 1.88.51

Using a UV preionized
discharge laser Schimitschek and Celto have studied the
perfornance of the EgBr(3—>X) laser, deriving average
ralues for the small signal qain 9g=6.68/cm, the
apsocrption coefficient 3 ,°0.35%/cm and the saturation
flux 15,2200 kw/ca? for the case of when the buffer gas
consists of 900 Tocr Ne plus 100 torr Ny as butfer
qu.sz fros the aversge saturation flux, an esatimate
f£3c =he ~alue of the stimulated Cross section I, can be

obtained.

vy
Tge ® __I —TA' 16)
SA 1

For hvy, the laser photon energy say at 500 nm, and

the effective upper state lifetime A{l-u ns, one
ootains a lover limit to o, 48 being 1.121016cn2, The
Schimitschek laser can operate at & repetition rate of

100 5:53 with an overall effic:ency of 0.95\,

2rom 8 TV preionized Jdischarqe scheme to an X-ray
preionizer (X-ray preionization is & convenient source
of uniform jonizatioa in large volume nynn-us"”,
fisher, et al. have measured an inctease in overall

etficiency o 1.40,56-57

80 far a photolytically
excited NgBr(B==>X) lasar hae operated in a sealed
quactz cell for zany thousand shots vithout amy
degradation in laser wtpt.“ This implies thet for
all practical purposes the Bghr, dissociation is
completely reversible in that the net recombination rate
is sufficiently large to teep from completely exbhausting
=he HgBr, supply. In a sepacate experiment, Strauss
et al., using Rinetic absorption spectroscopy, have

sessured the dimerization of NgBr(X) (EgBr(X) + NgBr(X)

=3 products} with At as the third body buffet g-.“
Although they could not precisely say vhether the
dimerization products vere N9yBr, or AgBcq+8e, their
nessuted rate coefficient vas (2.0x10° lcuimolec™ls™ly,
To date, no other tecowdination experiment has been
done. The difficulties in the AgSr(B=-X} laser ace 1}
external heat is necessary to odbtain large fgr, vapot
densities; chough this probles is thowght te be minor
since in tepetitively pulsed operstion the excess heat

qenecated by the discharge itself is more than enougd to

By changing

supply the necessary nut:” 2) self absorprion of the
RgBr(®) radical at the laser vavelengths; the self
absorption cross section has besn calculaced and is
found to be 50 times ssaller tban that for stimulated
smission: J) electzonic drive=circuit components, vhich
is a common problem to &ll pulsed high pover laserss ¢)
the inbherent low electron ispact cross section for
producing 8gBc(B): 35) end the corrosive nature of the
laser mediom perticularly vith discharge electrodes.
This i3 thought to be the major problew since side
teactions of HgBr, and other dissociated products wath
netal® can lead to undesired products wvhich not only
expiausts the 8¢8r, supply but also interferes with
lasing action. Currently sealed devices vith 11§
stainless steel electrodes reach their hall output power
levels after 108 snoes.t? Rowever, (%t is thought that
the group of platinum metals is msost lirkely to be

compatible with the laser median.50

HgBr Rinetics

Requrdleas of the excitation mechanism used, to
obtain &n efficient chemical laser is tantamount o

understanding the collisional bebavior of =he active

species. RKnowing the quenching kinetics .z also
essential in computer aodeling of s chemical laser. For
the aercyry halide lasers thers bhas besn supportive
cesearch -0 seasure quenching rate constants, bdut
primarily for tbe destruction of the upper laser levei
AQBr(B). Rate coefficientcs have been measured using
numetous collision partners, specifically those which
night be likely candidates as duffer gases or possible
halogen donor molecules. Tadle (I-4a,b.c} lists those
rate coefficients measured o date. It was found that
in general the care gases had poor Juenching Cross

32,6164 ,pi1e donor molecules i.e.. for Br like

sections,
88e, CH48r, Ctlzlrz. Bty and Rglr,, had large cross
sections, 3261761 140, it ves measured that 89 atoss
gqenerated from the photolysis of BgBri., if in large
concentration vill alse quench !qlr(!l.“ Unlike the
other strong quenchers Ny ¥as seen to be a poor

6164 purtner

quenching partner for all BgX(B) species.
studies to experimentally establish the HgBr(B=->X)
radiative lifetime have also been done. Using the
sensitive technique of laser induced fluorescencs Tjeu
and Maszza have measured the lifetime for fAgBr(B) o be
23.2 r\lr‘s Wagnant and Cden in a separate experiment

seasured 23.7¢l.8 ne'® (n agreement vwith the previous




TABLE (I-48). (Queaching cate comstants for ' TABLE (I-4c). Quenching constanta for 8¢X(335},,)
89c1(8%5] /)1 Rgicu’wolec™iswc™)) ang kg (ca'notec Isac"!s and #—sk1 © 273
T(B==>X) = 22.2 ns.® ns.

Q , mandle et.al.®  Tang et.al’ Q roxlo ec.al.? Tdea ec.al.®

ne a.az107H ' c2.9x1071¢

e 3.3x10734 we <2.9x1073¢ )

Ar 5.0x10714 <1.5m10°13 At 1.1x10743 3.3x10°23

e 7.3x10714 Xe 2.2310713 1.1x3074

%o 3.1x10714 "y <2.9510714 1.1z10712

7, ¢.2x10714 Pyt 2.9m10710 2.9m10710

1, 1.7110710 s.7x10710 13 <1.1x107%

aci 1.1x10710 3 1.0x20-3¢

celg 1.6x10710 89 $ 3.0m10}

92, 3.6x10710
“Refacence (61) Sreterence (64}
Sneference (32) Breterence (62)

“Retersmce (43)
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study but Doth studies Deing in slight contradiction

vith thecretical calculations.’®

TABLE (I~4D). Q ing zacte for of Hasc

¥gsr(¥35],5)1 kgicninolec isec”l) ana

T(p=>X} ® 23.2 ns.9 Although there have been a lacge number of

experiaents i1hvestigating various processes a9sociated

2 mandle et.al®  eden eral.’ Sashalin ee.al vith the HQK species, most recent studies dave deen
fe u_;uo'“ <s.0n20"13 s.sz10”14 stricely concerned with those aspects which are omly
e s.3x10"1 germane to the EgX{B=—>X) laser. This aas been
Az ¢6.an30-1¢ 7.4an30713 ) specislly teue in tbe kinetic studies of the
Xe 3.0x10"13 3.1x20712 ¢.08107)3 RQK(X»C1,Br,I) tadical. A lacqe portion of the
w, ¢6.4x107 14 s.4x10=12 2.3x10°13 svailable kimetic dats describes the collisional
e 1.3x20720 behavior of the escited Nex(835*) ;) radical.
Brq 1.9210"10 s.sz10°10 Purthersore in these studies, little effort vas placed
me 1.3x30710 2.0210°190 in undetstanding those collisional processes which
cay8r 3.9x10710 provide much needed information concerniog the kinetics
cc1,8r, ¢.3210°10 of slectronically excited radicals. Alse
cC1yBe 1.0210"310 there has not been an investigation to measure
cryar e.7210"10 cates of removal of population from the lower laset
Nylr, 1.110°10 levels (ux(xzi‘uz: v*)). It is important to Rmeasute

such cates and insure that collisional quenching can de

»
n
sterence (61) sade sufficiently large to Overcome pumping cates and

O, once (6
ater il thus ptevent laser self termination from population

“Reterence (631

dpeteronce 14%)




Sottlenecking., Alse, it (s necessary to find
specifically those species vhich quench the lower laser
level but da not deactivate the upper laser state.
furthernore, it could De of intesest to doth paysical
chemists and laset cesearch scientists to study reactive
processes vith the ground scate BgX(X35*%) 2} radical
with the possibility of producing electronically ex-
cited molecules. Le. AgX(373%) ;. The stady of suen
Processes not only provides the possible mesns of
chemically pumping the HeX(B=—>X) laser, but advances
such knowledge of enerqy tramsfer in transient ctadical

1pecies,

lavestigartong 2f Zhis Zceatias

In this treatise., effoct hae been placed to
investigate those shortcomings previously smentioned for
the specific case of the radical species Bghr. It is
hoped that Ty examining such kinetic processes for Hght,
any jensral results which are obtained could aiso de
applied to the generic class of nercury mono-balides.
fucthecmore, these zesults not only serve to obtain
Pectinent inforsation for the class of BQX(®—>X)

lasers, but they ate aleo recast, to elucidace some

32

aspects of the elementary physical and chesical

processes of such species.
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CEAPTER 1[I

FLECTRONIC QOENCEING OP Agsr(#3*, .

latzodeceian

The !olr(lzi‘ln) redical, hereafter refercred to as
Behrid) can be efficienatly produced dy optical
emcitation of Eqliry 4t vavelenqthe near 190 nm.l  rhese
excited species have s short natural lifetime { - 23 am?
and cam quickly decay to the ground 132‘1/3 electronic
state producing a brosd band emission cpoctn.’
8e8c(B~=>I) spectza i8 in the visible vavelengths vith a
ptominent pesk near 300 nm (see Pig. (I~1)). The
spectrs 18 aloc neatly deveid of all vibretional and
rotational structure, vhich is attributed te the
overlapping of closely spaced rotational and vidrational
states! along with the numetous isotope shifts.
Experiments vbich invelve the HgBr(B35*) ;) state can
benefit by the fact that 1) the short natural lifetime
can simplity cellisional quenching studies, usually the
deactivation by trace lmpurities become Negligible and

only those species in 9rfeat abundance dominate the




. deactivation kinetics 1) the B==>X transition allows

the convenisnce of using visible detection apparatus
vhich normally have bigh gain and are cesponsive to
short transient signals. Obwiously all collisional
processes involving the D3E%),, state of WgAr ate
peceinent to the devslopment of HgEr(B=—>X) lagers but
in addition, such processes are of fundamentsl
ispoctance. as they provide information concerning the
kinetics of an electromically excited free radical.
Collisional guenching of the lzz‘u, state can' proceed
via chemical reaction, collision induced dissociation,
ot deexcitation to the X3I%) . state. In this chapter,
exderimental resulta ate presented for quenching of
H9le(B) by various small moleculea. The results shov
SOme amazing differences betveen quenching species which
ate similar in most respects (e.g. CO and O are very

efficient quenchers and Ny is an inefficient quancher),

Zxpeciasnsal

The experimsental asrangement {3 shown schemetically
in rig. (II«1)., Briefly, the output fros an Arf laser
{Lumonics, 193 am, 30-100 aJ, 20 nsec PWEN (see Pig.

{IX-21) is sent into a screen room and into &

40

FIG. (I1-1). Schematic drawing of experimental

2r7angement .
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EXCIMER
LASER

PIG. (I11-2).

L= e _—

Enlarged photogzaph trace taken froe a IRT
depicting the Acf laser output pulse
duzation. The power supply voltage was
set at 33 KV (18.8§ J stored energy).
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¢luorescence cell which contains the sample under
consideration. Pluotescence ig observed at cright angles
to the laser deam with a PNT (RCA 857S$, 260-680 nm, 3
nsec) and spectral resolution is accosplished either
with filtets o & 0.7% m monochromator (Jarrel-As“).
Since the signals fzom the PAT vere very lacge, great
care wvap taken to insuce that the PRT vas operating in
the linear teqgime. THhe signals vere cecorded dY (1)
photegraphing the signal directly using & fast
oscilloscope, (2) digitizing the signal with a fast
transient digitizer (Tektroniz 7912), or (3) digitizing
and averaging the signal vith s slower transient
digitizez/signal averager combination (Biomation &
Tracor Northern, 10 ns gate), After using each

method, it vas found that ()} is the most convenient and
relisdle. Signals vere recotrded only after the
tegmination of the ArP laser pulse vhete he
fluorescence decay could de descrided by a single
ezponential over several lifetimes (Pig. (I1-3)). To
insscte that the ArP laser pulse 4i1d net contain long—
tails, a separate small expetisent vas condwcted vhere
the fluorescence from an AcF puaped Coumaria Dye
(EXCITON CS00) vas sonitored using a fast oscilloscope.
A tracing of a photograph of the oscilloscope ecan is

riG. (I1=-3). Typicsl dsta from the transient digitizer/
siqnal averager comdination. The RgSr(®)
fluorescence signal is digitized sx 10 ns
intervals. The origin of the time scale
15 nearly coincident wvith the termination
of the AcP laser pulse (40-30ns ducation).
The data vas takes vwith 930 aTorr of
fgbry in the cell.
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shown in riq. (11-2),

898r; {s & povder at room tesperacure, bat ras s
reasonable vapot pressuce st nodest tempecstuces (100
eTore at 373 £ 1.} 1n Tadle (If~1), am extensive gz,
vapor pressuce data is tabulated. Those dats for
temparatures lover thas 409 K are extrapolated using
computer lesst square fitting vith known pectameters.’
The fluorescencs cell is constructed frow gquarts and is
contained inside a commercial oven (Trans Temp Co.).
fluocescence is observed through the partially
cransparent (thin Au coating om quarts) walls of the
oven. By controlling the oven temperstuze, ons is able
to establish the BqBr,; concentratioa during the course
of an experiment. To insute that NgSr; solid is not
present in the region of laser photolysia, the sain body
of the flucrescence cell is kept 10-135°C warmer than the
side arm, The cell has Suprasil windowe, to allow
passing of 193 nm, and {8 connected to the vacoom systes
wvith a stopcock which uses a glass to glass seal. Since
the stopcock is also housed inside the oven, this seal
insures that those contsminants vhich uaually outgas
from notmal O ting seals vill de absent. Nominally,
the cell is maintained near 178 K, which provides an
Hgse, demsity of 3.6x1015cm"7. At ehis denasey of

1]
TABLE (I1I-1). BgRr, vEpOr pressure data tabmlsted .
using computer least squares fitting
{parameters are from Refersnce (3)).
+(°C) vepor Pressurs T(°C) Vaper Pressuce
(Tors} (Torrx)
200 4.78 160 1.9
196 20.9¢ 156 3.10
192 17.63 152 .87
L88 14.8% 140 2.06
104 13.44 by ) 1.64
180 10.37 140 1.3¢
17¢ .61 136.83 1.00
172 1.12 132 0.%0
160 .87 l12¢ 9.71
184 4.01 124 0.53
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TABLE (II-1l). (continued)

*(°C) vapotr Pressure T(°C) Vaper Pressure
{Torr) (mTorr)
120 0.43 0 18.10
116 0.3 16 12.23
212 5.28 12 7.9%
108 0.l8 . (1] $.09
104 0.4 (1) 3.17
100 0.103 (1 1.91
] 0.07507 8¢ 1.17
92 9.08386 $2 0.63
a8 0.03807
34 0.02648

pactent species, quemching of NgSr(B) by undissociacad
parent molecules or pbotofragments contributes only a
very small asount to the sbssrved quenching (average gas
kinetic collision rates are 10 colliwion/usec-Torr;% ¢or
ngBr(M, Al . 23 ne and ac a preesuce of .1 Torr.
resuits in a collieiom rate Of 0.023 colliiions in one
lifetime) .

Chemicals wvere puzified as follows. HNgBr, (Raner
Analysed Reagent grade) was punped on at temperstires ip
to 100°C in ordas to temove volatile compounds (lacqest
tapurity 8¢Cly 0.2%), Bry (Baker Analyzed Reagent 99.9%
ain) wvas subjected to repeated distillation from 263 to
77 R and slov passege over )105. In addition, the
apparatus in vhich the iry vas to be used vae seasoned
by ezposuce to Bry, and heated under vacuua ag auch a¢
posaidle la order to sinimize the smount of Ny0 on the
suzfaces. Ny and Xe vere ressarch grade (Alrco, 99.9%¢
2in) and vere used vithowt further purification. Other
qases v;ou typically 99.9% puce and vere also used
without further purification. $2ince the rate
coefficients for these species were very large (2 0.1

qam kinet:iC)., effects due ta impurities acre minimal.

$1




aaulia

The processes of COncern ate vrities ia the
following equations.

Rgory » BV(193 nm) ~—=> Eear(® ¢ sr(dp w
BgBE(R) =—> BeBr(X) ¢ by (2
0g8ci(B) *+ N —> products ($1]

vhere N are the quenching species. The quenching
species have very tmall absorption cross sectioas at 193
nn’"? and therators ome need not be concerned about
excitation and possible dissocistion of the queaching
species. A Ccomment has to be nade on the pessidle
sbeorption of 19) nm sadiacion by newly formed BgBz(®)
and 8gBr(X} tadicals. Por instance, i{f the AzP
intensity is high enrough, those BgBr(B} vhich formed in
the leading adge of toe AzP laser pulse and vhich have
not yet decayed can absord a lo'eond 193 na pboton to
form excited atomic states of Bq and 8219 purenermore,
any Aglc(X! could also absord one or two OV photoms and
form numercus excited product tp‘ciot.w An indication
of the one photon dissociation of Bgbr(X) molecule s
the 251.7 n® emission from 8¢ 63’1 - 130 transtition,
vhile a two photon dissociation leads to higher esxcited

state of #9 such a 7331. Population {n the 7’31 state
<an be detectad vis the #g 7151 - 6’!1, transition at
435.8 ,,._il Oping appropriate narrow band filtets no
such emission was detected. This atlirmg that the
density of electronically ezcited 8¢ atows is saall and
tnat atoms formed from the sultiphoton dissociation of
Agbr vill have negligible quenching sffect. The rate

'7 squation describing (1) = (3) is

-d(Bgne(dIi/de = A{RgBe(B)) * 3 ky (W] (BgBE (W) ] 4

where A is the Pinstein coefficient for the B>k

transition (A=4.3210"s71), and Xy ia the quenching tate
coefficient for specties M., With the terminztion of the
AP laser, (4) has the trivial n.ln'ttol of expsnential

decay vith a lifetise piven by
K = A+ Skyin (s

By varyiaq (R], one cam obtain ky and A. As mentioned
above, quenching by undisesciated pscent selecules is
insignificant, contcibuting only 1% (at 100 sTorry,
((R'(MQBC(B) |} /A 80.0131 vhete &' is the quenching cate
by Bq8cy) te the oversll quemching. Trpicsl data are
shown in Pig. (11-4), and the results of the

aeasurements are summarized in Tedle (If-2}. The
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ey

PIG. {1XI-4). A least squares fit of the dependence
of the fluorescence dacay tate on pressuce
for 0y and Ny, Each point cepresents
an average of 200 flaocescesce traces.
%q+ vhose qsencting rate coefficient
cas only be meassred at much higher
conCentrations than those showm in the
tiguce, is shown for comparison.
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resalts shown in Tadle (I1-1) vere obtsined by
sonitoring the total fluocescence £ro® the (B) state.
This way include small comtributions from diffecent
vibrational levels vithin the (B) stace. Using a 0.75
monochromacor (0.1 na cesclutioa)., it vas possible to
observe at various vavelengths and measute ssch
litetimes vhere the transitions from specific
eibcationsl states are more prominent. The measured
lifetimes for v'=0,], and 6 are 24tl, 2221 and 232l no
respectively, indicating only a very slight vaciation.
Lf any, in rvadiative lifetime with vibratiomal
escitation. When sonitoring the total floorescence from
the (B) state, an aversged lifetime of 21.7 ns was
neasured. It is common vhen seasuring lifetimes to
consider the effects of self trapping. Self trapping is
directly & function of the photon collection geometry,
pacametecs such as the number density (optical density)
and the path length of the escaping cadiation are
critical in detetmining the extent of radiatiom
inprisonsent (self trapping). Since the measured
results for the radiative lifecime agrees vith the
results of others,?+12 tne extent to which cadiation is
trapped (s minimal.

&

TABLE (II-2). Rate coefficients for the quenching
of agbe(835],5) .

quenching rate (210731 ca?  Rret. commeats
species coefficient wolecule sec”l)

this work®  other work

(1e 3

RgBr, (23.026.01 (17.0£3.0} 14 meay resct

< (3.450.6) non-reactive

-7 13,720.3) non=reactive

0q (9.220.3) may react

Ny {4.820.6) By react

L 13Y (31.004.0 (29.00 13 mey ceact
(55.043.0) 14

xe (0.0220.004) (0.03) 13  nom~ceactive
10.3720.03) 14

y £ 0.018 (£0.0063) 13 nom~reactive
(0.4446.05)

SThe quoted uncertainties are statistical, amd are
tve standard deviations.
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Alacussinn

The rate coefficients obtained are in reasonsble
agreement wvith those {rom cectain othet expetiments in
those cases vhere comparison {s possible (Tsble (II-2)).
There are cbvious Giffsrences betwaeen these
measurements, as well as those of Nandl,13 and the
measurements of £den et al.l! Thesa differences ace
particulacly striking for quenching by Xe and Ny. When
messucring an inefficient gquenching process, saspls
purity becomes paramount. The trace impuritiss usually
found in both Xe and Ny qases &re O, 84y, CO, CO5 2ne
lzo.“ Of the five impurities listed, the first four
are known to be efficient quenchecs of 2ghr(d) (Table
I11-2)). So great cate muet be taxen to purge all gas
lines vith ample high grade Xe and N, to insure that
tzace impurities are kept at 2 base z2inimus.

As reported (o Table (II-1), quenching race
coefficients for the species Hgbr,, CO, Oy, Oy, B#,, and
8ry are lagger, by orders of magnhitude, than the
quenching rate coefficients for species such as Xe and
Ny. It seems unlikely that the efficient quenching of
898 (3} produces ground state fghr species. This vould
require greater than 2.85 eV of excitation to be takea up
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by internal states of the quenching species and relative
translation between Bgbr and zhe quenching species.
Usually electronic to vibrational (E=V) energy transfer
rates are only efficient vhen the tvo states are in near
enecgy resonance, 617 ungie electronic to translational
(2-T) enarqy tranefer cates ace efficlent vhen there are
long range interactions bdetveen the colliding pcu.“
Other altecnatives to the quenching of AgBc(B) which are
sore likely, ace remctive collisions

(8987403 —> HgO+SrO) or collision {nduced disscciation
(RGBT (B)40y ==> Bg+BreO;). It i possible to assess

the contributions of these chbannals by laser induced
fluotescence (LIP) of BrO ( BrO(X-A) Te = 26,933 ca~h
and 89 (Bet6iSg) —=> Be(sIP) E e 488 €W, €O and
COq are efficient

q s even gh chemical
teaction can not ocour., hece it (s belisved that
collisions with ByBr(B) tesult in a transition to a
dissociative potemntial curve of Bghr (lqlt(lzm is a
repuisive scrface vhich has 2-fold dﬂcmuq” (see *iq.
(Z=21). It is unclear st this time, why Ny 1a far less
efficient at inducing thie transition. At first
inelination, one vould expect CD and N3 to behave
similarly since they are iscelectronic, but in fact the
charge distribetion ia Ny 18 symmetcic vhile in CO it is
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cleazly net. This asymmetsy im charge distribetion for
CO may be reflected Dy its ability to form localized
bonds vhich can emhance the intesactiom vith the
electronically excited radical. 1a %y any bdend
tormation vill have to be symwetrically distcibuted over
the solecule, and vill lead to a veaker interastion.
The stromqger attrective latersctiom of BQBE(P) with @
can casse the potential eaergy “li“l. thoss which
connect the initial and final states. to comverge vith
that of lover electromic state.? There heve besa other
teported cases in which Ny and CO behave differently.
In the quenching of the 3?, scates of Cd vhere no
accesaible electronic states exist for either CO or Ny,
CO was found to De a far nore efficient quenching

pazsner thanm !'2.“'
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TAIAPTER IIY

VIBRATIONAL DEACTIVATION OF HgBr (X35”; .p,v*}

lnszaduction

There ate collisional processes associated vith the
ground state RgBr species, further labelled as RgBr(X),
which ate pertinent to the efficiency of RgSC(B==>X)
lasers. One such process is the collisional
deactivation of the ground laser level. The HgBtr laser
operates from the low v' levels of the (B} state to Mgh
v* (v*el8~24] levels of the (T1 electronic state.l 7o
preveat “dottlenecking” and self termination of the
laset, it is imperative that their be efficient removal
of the ground state popmlation. In examining the
collisiomal quenching of tbese high vibrational states.
one can also obtaim information on the transfer ot
enerqy ftom vidrational restoring forces to
translational energies. Vidrationally escited
fgBr(X.v") molecules have & high probability of jiving

up one ot moce vibracional quanta of energy i{f involved

(2
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1A a collision (hv at v°e22 is 140 cu”l while KT at 300 X
ts 200 cw”ly .2

There ate various schemas vith vhich qround state
cadicals can be monitored. Pour general processes ace
aentioned, RQPr(X) radicals can be monitored through 1)
teactive processes (vhete ORe Of MOTe teaction products
ate observed), 1) ionisation processes (electron impact
or other charge transfer procasses vhich leave ionized
or excited species that cas be moaitaredi, 3) enerqy
ccansfec processes (1089 range intarsctions of shockvave
ezcitation which excite the ground state radical), and
4) laser induced fluacescence (LIPs the excitatios and
subsequent cemission of species via optical escitation,
f.e. laser), Of the four ptocesses santioned, the
probing of ground scate cadicals via LIP has perticulac
appesl, bdecause the technique can provide iuformation on
guantus zyinu with siniaun pertutbation of the
ensentle.] It is limited by the scuessibility of the
desired radiation vavelength, and the magnitude of the
tranaition coupling matrix element. The simple
equations vbichs relste the LIF emission intensity to the
various qUantum PEZAMEters are givem below. If given
that there ate %, species (number/cw’} in am initial
lowet state (s} and that 1,"™ 15 the intemsity
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luw:‘z-ue) of the incident cadiation with frequency
‘nge then the intensity of sbsocptian I,,"® can be simply

writtsn as

1™ = [p™NSaghv X [$3]

where 8, is the Einetein transition probability for
absorption and 4X {s the thickness of the adeording
layer (the incidevt radiation here is assumed to have &
constant intensity over the vhole absorptioca line
width). Subsequent o this absorptioa, s population
Lap "/ (hv,y) is formed ia the excited state (m).
feglecting collisional sffects, speciees in state (m) can

enit radiation at & cage givem by

Ia™ * Mpdvgghy, @

vbere Ny (8 again the pepulation in state (8), voq the
mission {requency, and Ay, the transitios probadility
(Binstein A coefficiemt, A,, is proportiomal to
1<a/%/23)2 vhere R 1s the matriz elemeat for the
transition). If one combines Bquations (1) and (2), the
enisajen inteasity 1,,"® is related to the tnitial
population N, by the equatios

Tea™ = (10 BapAngD vygttiny M

In order to measute ¥, absolutely, it L8 necessary to
know all the correspondiag tecrms in Dyvation (J), but
for s constant I,"® and X, the parentbetical product is
invariant. This provides for & method vith which to
seasare ralative population changes ia state (m). LIP

'Y the techaique by insuring & lacge incident
photoa fluz and a high degres of momochcomscity.

In this chapter resulits are presented for the
collisional desctivation of gronps of vibrational levels
in BeSc(X) via LIP. In WgBr(X) species, it i{s not
possible to optically somitor i{ndividual transitions,
but it is pessible to moaitor comdinations of v leveis
simultaneously. Prom compeuter caloulations, the
relative absorption of the strongest vibrational
transitions vithin each group are deternined. Tvo sets

of experi ace 44 ed, Yhe first experiment.,
9ives results on the time evolution of three different
azouns of vibraticaal level dengities vhich are quenched
by Be. The results show that vibrational quenching is
efticient down to the lowest v" levels that were
sonitored. In the second experiment, resuits are
presented vhersin the rate cosfficients are measured for
the net temoval of vibrational densities (n the lover
2gBe(B~=>X) laser levels (v" - 22) by warious species.
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The rate coefficients sre large Lindicacing that
deactivation of the lover laser levels proceeds
efficiently. These measured rate coefficients, for Zhe
collisional quenching, aze recast to show some
correlation wvith the polarisibility of the quenching
pactner, and furth o, the Absording-Sphere model

with van der Wasls interaction is presented as a
possible schame for deseribing the quenching mechanism.

Lzpaxineatal

The ctporuatén acrangement is shown schesatically
o Plg. (III-l). Vibratiosally exeited ughE(X,v")
molecules are produced via AC? laser photolyeis of Hghr,
vapor ac 193 sl

Boiry ¢ V(193 mm)  —=> WeBe(B) ¢ Brtdyy .y g 00 (D)
2EAE (D) —> HYBL(X,v") + hv (4

Different croups of ¢ lavels are aonitored via LIP
using a pulsed dye laser. The time evelution of the
various groubs of v° levals can de monitored by varying
the delay betveen the photolysis and dye lasers and
cecording the change in the peak LIP signal.




71G. (III-1). Schematic draving of the experisental
acvangement. A typical datusm from the
tzansient digitizetr/signal averaget
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of BeBz; is indicated im the uppes left
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© The sample chamber, detector and recording

slectronics are inside s lacge scteen room (Paraday
Cage) which provides sdequate isolation from the
slectrically noisy laser sources. The cutput from the
Ac? laser Lusonics, 193 nm, 100 aJ, 20 ns fvin) is sent
into the screea room and enters the chamber unfocussed
through Suprasil quarts vindowa. After a preset delay,
a Ny laser pusped dye laser (WRG, 0.2 aJ, 0.01 nm
tesolution) is digected {nto the chamber and crosses the
AsP laser at cight amgles in the of the ch .

LIP L{s obeerved at right angles to both lasers using

sither a telascope/gated PNT (ERI, 9639 QB, 163~900 nm,
10 ns zise time and 1 ¥ gate tesponse time) arrangemsent
or s tel pe/ b /PWT (RCA, 8575, 260-080 nm,

1 ns rise time) set up. The monochromator (Jacrctel=-Ash,
2 nm resolution).and gated PHT ace 1sed to discriminate
against the B=——>X emission from reaction (4). Signals
from the PRT are digitised and averaged (Diomation,
Traoer Nortbern, 10 ns gate or the Nicolet, 100 ns gate)
until adequate signal to noise (/M) is obtained. A
typical signal aversged datum is shown i{n the corner of
rig. {111-1).

LIP experiments ate usually plagued by copious
amounts of scattered laser light. To alleviate this

problem, it becomes of paramount importance to design
and build a fluorescence chamber vhete scattered light
can be efficiently rejected (Pig. (1I1-1)).3

The square °pillbos” in the center has a volume of
20220x20 cm’ and (s made of black anodized alusinua.
Aluninoe cam bde easily sachined and has reasonabdle
corrosion rates, vhea in contact vith sercury compounds
{(Table (1I11-1) gives some corrosionm data). On tep of
the chamber thare is a carefully sachined flange which

with a tel Pe, the ch and gated PNT

appazstus. Ia the telescope sectiom thete ace also
three treys ma'nuo- quick insertion of Zilters.
lenses, ete. in the observation path. The four arms,
sach 40 cm lomg, are structurally bolted to the chaaber.
Theze aze aleo O ring seals vhich sllow evacuation of
the szme. In each arm there ace several baffles placed
in sequence, esch baffle in the 'nqnau has a slightly
smaller spertuce sisze. Laser light eatecing the arm
gets gentley tapered dy the seqeence of baffles. The
chamber, telescope and arme efficisntly teject all forme
of scattered light, allowing the convenience of doing
txperinents vith the room lights on. Inside the chamder
and (n one cerner 18 & glase cuvette., It ig filled with
9lass beads (2 am Dis, to enhance Jas mixing) and the

)




TABLZ (III-1). Cofrosiom Data for Netals and
Won Netals vith Br, and Nghc,,t

“etals/ L 13 Rebt,

Nonmecals ipantzation/year? {penttation/year)
Alumisws €30 mills (60~220°7) >30 mills 160=100%9)

Tantulum <3 mills (60-300°P) <2 mills (§0~200°P)

Beass y50 milla (60-~100°)
Sronz >80 mills (€0~100°71
Coppet »50 mille (60-100%%)
Stainless

(Steal,318) €20 millas ($0-340°F)
lacosilicets

(non wetall cesisvant (60~200°P) resistant (§0-100°F)

Sreterence i6),

’2

8q8r, sample (white powdsri. The cuvette is alse
veapged with nichrome wire vhich aliows the sample to be
heated 20 “emperstures egceeding 373 £ (100 atoct of
BgBr,y). Quenching qases ate brought in fzom the bottom
2¢ rze cuvette and six vith SqSrg vaper. The satorated
gas exits through severs) fine nostles located om top of
the cuvette, The nosslss Lnsure that s slov flow of the
aiztuze vill pess directly througd the obsesvetion
reqion. The chamber and srms Are wwacosted seing s 300
1/uin rough pume vith s liquid By cold trap fllled with
sopper turnings. The cold LIsp serves to botd protect
the pusp, DY Lrapping ocut corrosive gases and alme to
lakibit oil vapor from tbe pump in rasching tds

fluorescence chambdes. Total Pr in the cb. in
ssagured vith a capacitance (RES 222 AB~P~10)
méd rempurtuce is od with a thermocoupls located

at the exit pert of the cuvetts, The chanbder in
continwoesiy pesped in order to winimise Besr,
condensation on the walls and the long Bafflaed arns
further prevent condensetion on tde windows. The
pPresent ssperiments vere done either 330 K or 338 7
previding & Bgst demaity of spproximately 1932 sna 1082
en”).V At thie density of parent species. quemching of
299riX,v®) Dy undissecisted patent nsoleculss or

m

photofzaguents contributes only a very small asaunt to
the observed Fuenching.

Rgdry is Baketr Analyzed Resqent Grade and al) ocher
948a9 are ALrco research grade (99,.99%% ain).

Results

fighr (X} malecules {n high vibrational levels ace
produced via reactions (3) and (4}, These speciss sre
subsequently Jeaxcited by wolecular collisions and this
talazation can be monitored via LIP from different v°
levels. Since the dye laser sey simultaneoukly excite
woleCues from severyl v°, the sesssurements ptovide only
the time evolution of YIODK of v° levels., This can be
seen in Piqg, (I1XI-2), vhece shown ace the vibrational
levels vhich are sipultanecusly 3onitored at the probe
frequencies used in the expeciment. (see Appendiz A for
A summary and discussion on the calculatisns in
qenssating Plge. (I1I-2le~d)), This overlap of varivus
vibrational transitions is unfortunsce, but inevirsble
givan the high state and spectral densities of HgSr.
Three prode fraquencies vere uged, they correspond %o
high, intermediate and low v*. TPigure (I1I-1) shows

date wvherein the time evolutions ot the three groupa of

716. 113%-2t. Computer calculations of the absorprions
of various Sands for LI? ac (&) 22,362
!, (b1 24,659 v}, and (cr-id)

19,936 en”l. Avsorptions follov a Hund's
cass (a} coupling scheme for s %° - %°
tramsition in Bg''Br. Line strengths ere
from Kovaca® and the curves vere jenerstad
by summing 120 rotational levels at 2
tespecacure of 100 X, The absorptions of
the other abundant isotope, 8giler. are
ahifted 2 ca”l to the Blue. In (ai-(e).

& flat distributiomn of v* populations is
used to indicste the largast Franck-Condon
factors neat the probe frequency. 1In {4},
nascent v* populations produced via
roactions () and {d) ate used. fHere.
nascene v' papulations are mapped onto the
*® jevel®s ueing Xnown Pranck-Conden fac-
tore. Note chat each group af v* has .ts
own set of aghitrary units.
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v® levels ate monitored. Vibrational deezcitacitom is
due to collisions with He {n these experiments. The
concentratiiom of {Ne) is much greater than (BgBryj, so
desctivatioa by parsat species (s expected to have &
n.oqxxo.tbh effect. The temporal shapes shows in
?ig.(11I-3) are complez, especially for Pigs. (IXI-1b
apd 3ci. Although state specific ctate coefficiests
cannot be extracted {rom such dats, thace are several
relevant cosclusions which cam be drawn and these are
susmarized here.

(1] Porv =23.362 cm~! (the latermediate grasn) .
ohe primarily monitors v*=7 and §, wvith ssaller
contribatiocns from v'=6 and 11 (see Pig. (IXX-2a)).
These levels sre scantly populated at t=0, bat develop
larger populatiions as the higher v* levels are
efficiently deexcited. The rise portion of Pig. (IIIl-
31b) depicts the filling of these levels from upper
vibrational states. The rise time of the signal varies
vith (Re}, and the slope of T, .. v&. [Ne} is linear and
equal to 2.52107s"1%ocr"t (see Pig. (111-4)). This
indicates that molecules are efficiently transported to
intecmediate vibrational levels, but it {s not possible
to infer state specific rate coefficients from such

data. The cather flat regiom (t > S5 us) is interpreted

80

F1G. (III-3). Time evolution of the peax LIF signal,
sonitored by varying the delay between
photolysis and dye lasers; t=0 is
coincident vith the termination of the
AL? laser output. The dye laset Prode
frequencies atv (a) 19,924 al, »m
23,362 an”l, (e1 24,659 ca”l. Eacs point
{n (a), and the rise portions of (b) and
() represents am sverage over 2047 laser
tiringe, vhile 312 fizings vere adequate
for points in the flat portions of (b} and
(). The dats showm in (a), (b} and {c)
are offset from one amotder for Conven~
ience) vertical scales ({n ard. vaits)
sre valid within eech of these sets of
dats but not hatysen different sets of
data.
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portion of the curves in Fig.(III-})
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28 & quasi steady-state situation in which molecules acre
entering and leaving intermediate v* levels with
comparable rates. Although not shown in uq.. {1I1-3b),
“he LI sigaal falls rather quickly following the
"tlat® portions shbowam in Pigs. (III-3d,3¢) (net removal
rate coefficient - 431053 l2ace~li. This is in further
agreemant vith the flat portion depicting a quasi-
steady-state sitastion.

(14} Por J =24,6%9 cu~! one peimarily sonitocs
v'=4,5 and 7, with smaller contributioms from v°s) and
12 (see Pig. (III-3c). Qualitatively the behavior is
the same as with 23,362 ca”}, indicating that
aolecules aze rapidly transported to these low
vibrational levelis by collisioms with fe.

(114) ror v = 19,924 ca”}, (high v9), vibrational
lavels vith v*>22 are womitored. Anslyeis of these
states requires more careful sqrutiny becsuse
vibrational levels neat v*=21 alsoc define the lower
B¢z (8~~>X} laser level. Ia fig. (IXI-2d) the relative
absorptions of various bands for LIP at 19,934 cm~! have
been calculated using Rascent v° levels prodaced via
cesctions (3) and (4), Thus ground etate diatzibution
is derived by mapping the nascent v’ levels onto v*
1evels using known Pranck-Condon factors 10 (see

Appendiz B for detailed discussion). As one can see
from Piq. (1I3~2d4) that all absorptions are from
solecules v°>32, Molecules vith v°<23 have adsorption
peaks tar removed from the 4dye laset frequency. saking
v®=22 the lowvest level monitored in this graoan, v°+22
also happens to be the ground state for one of the
strongest transitions in the HgSc(B~=>X! laser.
Therefore, aftar & numder of collisions, absorption from
322 will dectesse relative to adeorption neac viell,
The LIP time evolution (see Pig, (IIl-la}} exhibits this
by nop~ezponentisl charscter at sbort times, followed by
a long, rather exponentisl tail. This is indicactive of
the net temoval of molecules through v"=22. 7Though
state specific rate coefficients zre not possible, race
coefficients for the net collisional removal of these
levels can be zessured. In a subseguent experziaent
these rate coefficients vere measured for various
collisional partness.

in the following experiments (sall at ve19.924 enby,
all the quenching species (N ), which vere chosen have
small shgorprion croas sections st 193 nm,2¢1d (nsuring
that phetoptoducts frow M; do not play an :mportant role
is the experiment. In addition, since the physical
quenching of the BgAr(B) state can proceed through

several distinct pathways, it is (mporteznt that the
collistonal relazation of RgBt(B) e minimized. B8y
using low concentrations of "y, One could de reasonably
suce that the probadility of a collision and poesible
deactivation is small. The cemowval of BgBr(X,v*) dy
collisions is complex and can generally be represented

by( for a given R).

b
a/ae (WgSr(X,v*)] - Z (k""" (mgBr (X, v41) )
b=t LS AT T3t LSRR
s s
’;‘ " T "I {ngmr (x, 7)) -

ky" "3 7" (mgme (X v 1) (M)

wheze v ls a particular vibrational level of 8g8c(X),
x""*4¥° {5 the rate cosffictent for collsional energy
transfer from the state v°+{ to the state v*, and : and
J tepresent the naximum number of participating states
above and belov v’ respectively., It was assumed that
all quenching {s via collisfons with M and that the rate
of diffusion out of the laset Desss is small compared to

the rate of collisional quenching, which is true under

ELY




the conditias of the szperiment. GEguetion (3) shows
both forward and reverse PLocesses since the vibrational
quants are very msall (140 cm”! at v*=22 , vith k7. 243
al.

With both source and loss teras im Squation (3), 1t
becomes impossible to determine state specific rate
coefficients Dy weasuting [(BeBc(X,v%](x). Bt
tortunately, by doisg LIP atv = 19,924 en”! ome reaily
prodbes v™11, se it 18 them possible te seasuze the nat
cemoval of HERT(X.v") throwgh v*sll, The ezperiseatal
signals do show exponential decey (see Pig., (113-3))
supporting those calculations which shew v*=23 to be the
lovest vibrational level proded ia the ensesble (see
Fig. (IIX-2)}., The removal of 398:(X,v*) by R species
can be 21t py the equacion.

X'y » RyiN) (3]
vhete ky bears no simple relationebip te the k im Bq.
(3). Newertbeless, ky indicates qualitatively the rate
coefficients of Bq. (4) and is im fact the more relevant
parameter as far as NGEz laser opecstica {8 concerned.

Trpical data from which R, are derived are showa in
Pig. {III-€) and the results are sammarized in Tadle
(I1I-2). The rete coefficiemts ate vary large for all
the quenching species used. Thess very large rate
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F1G. (1II~5). Time evolution of the peak LIP sigual
a8 monitored by varying the delay between
photolysis and dye laserw. EZach point
represents an average of 512 traces, with
the otigias of the tise scale coincident
wvith the terminatiom of the Arf lasesc
puise. The dats showa, vere takem with
3 wPotr BBz, and 1.2 Torr M,.

39
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time (us)

1 d ! _J

< " N
(1oubig 4171 yoag) uj

0

FIG. (III-6), Typical data from wnieh k¥ -32 :zor ar
are derived. The curvature at low
pressure shovs the effect of Ar in limic-
ing diffusion of 3gdr from :be observation
tegion. Allowing for randem and
systemetic errocs, the uncertainty in the
slope is £ 10N,




-~
‘e
%
3 s
H]
i‘- .
Q
(‘2]
13
-l
x 3h
-«
w
x
5 o QUENCNING RATE
@ HeBe (0 v~ 22)
- 8y ar
x b e 112107 % cm® moket’ sec!
g
o

o Y]

AL

i )
N ERSVRSEE S Y NN S v
Ar PRESSURE tom.(338K)

TABLE (111-2). Rate coetfficients snd prodabilities
for the net removal of Helr(X, v*.22).

quenching ce*e coefficient® prodadtlicy®'? polac~

species (335K) in uaite of isabilicy®
10712 o umits of
nolecie! 10734 o

2e 6.4 0.084 0.204

e 5.9 0.264 8.400

As n 0.490 1.64

Xe 11 0.678 2.48

) 16 0.574 4.04

5 o 8,224 9.79

» 19 0.642 1.78

0, au o.5e8 1.60

Sue estimste an experimentsl vncertainty of 2100,
ineluding random and possible symtemstic ecrocs.
Bene probadility for the net removal of BeSe(x,v®-12)

* 12 1
is detfined by r-‘;ﬁ,— o k/{(8kD/?y ) lrpeegege! !
whare Rk is the tate coefficient.u s the collision
ceduced mess., and £y and Tagne ACC cthe jas kimetic
tedsy. 13

“polarisoilities are taken fzom Ref. (13).

cosfficients for the net removal through v°s22 indicate
that the lower SqSc(P~—>X) lawer level 15 very
efficiently desctivated ia the laser saviromment and
tbere should be no self-termination of the laser ostpur
doe to "metastable” vibrationally excited smolecules in
the ground slectronic state. Purthermote, in the leser
enviconment (saveral stm.), vidrational relaszation of
the entire 235%) 5 manifold will be complete in a few
ns., Thes, in any practical BeSr laser device. emergy
can be extracted from the laser even vben tuaing to
Lrequencies othet tham those with the highest gain.

Riscusalion

It is oftem plessing, at least from a personal
point of viev, to rstionalize one’'s measuresents (n
light of existing theories. This is a» unusually
arduous task ia the preseat situation and only certain
features will be sentioned vhich seem reavonsdle and
wotth pointing out. Pizst, the very small vibrationsl
quanta are consistent with -l!iehn: vibration <=)>
translation ezchange, since RgBr restoring forces ate
coupagable to the EgRreR forces experienced during
coliisions (P-10"% dyne, see Appemdiz C). Second, Bgdr

4

has & large dipole moment 12.60)14 and the tzends
sanifest in Table (IIX-2) show an interesting
corralation between polarizability and energy transfer
probability (see Pig.(12I-7}). The observed crend gives
confidence to try testing twvo appropriate quenching
models for the deactivation of AgBe{X,v"! species. Both
wodels use ths asttractive ven der Waals dispecsion force
(-c,/r‘) a8 the iateractios potemtial. Por the simple
cane of tve iateracting particles, the qoesching
sechanism in the first model (Orbiting model)4siS
aspuses that a fractiom of y of thoee incosming
trajectories vith initlal kinetic enezgy L which
surmognt the certrifugal barrier lesd %o quenching. The
effective potsntial and the croes section are 9iven by
the egquatioas.
Vege * ‘-c./r‘ - i/t M
og = u 03 = gei3/N 2Eg/Mm /I (0
The position of the barrier (at r,l &8 vell as tde
critical lmapact parameter b, for emergy £ can be
detecmined by the simultaneous relations (Voeel, 2 and
(dV ge/dt) g = 0,
Closely celated to the Orditing model is the
Absorbing-spnere model,**15-1% Luich assumes that Wl
collisions teaching a critical 4diatance r, lead %o



FI1G. (I1I-7). The probability of net removal of
SgRr(X,v*-22) vs. polarizability of the
quanching solecule. The probabilities
show an alpost sonotomic increase vith
increasing polarizabilicy.
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quenching., Using 2q. (7}, the cross section for the
Absorbing=Sphere model is givea by:

9g = 3 1.2 (lecy/ (B2 ) 9
by calculating tbe Cg interaction coefficient for the
various quenching pactnecrs of 8g8z(X.v"), one can test
to sees vhich model more closely resembles the quenching
of BgBcL(X,v"). A plot of 1n(dy) ve. 1a(Cq! predicts a
slope of 1/3 for the orbiting sechanism, and unit slope
for the Absorbing-Sphere model.

The experisental cesults of Table (IXI-2) were
plotted against calculated Cg coefficients. The 3g vete
calculated osing the telation 3 ® ky/<vy>, vhere ky i
the ssasured quenching rate coefficient and <vy> is the
aversge collision velocity. The Cg coefficients vere
calculated using the London tormula.}?'2% ne London
tormula gives Cg values vwhich are found to be 13-20%
smaller than the more relisble Slater-Kirkvood
tormuls.l? The Slater-Kirkwood forsula was not used
because {t is more n-b«mo.n T™is discrepency
betveen formulas vas removed by increasing all
calculated Cg values by 20%. Listed Delov are the
equations used and Table (IIl-)) lists the necesssry
pacaseters and Tegults., Pof tvo interacting species (a)

and (b), the Cg is given by,

2

TABLE (III-3}. The g coefficients for the intaraction
of ughr(X,v") + M,

Quenching Polaciz~ loai- Cen Cs
species  ability®  sacion® (210%¢ tx10~57

(20"3%=?) Potential  etga-cnf)  ergs-aa®:

(10~ grge)

sgBr ss.0° 1.948 737.0
ue 0.204 3.02 0.0146 0.308
Ne 0.40 3.8 0.0496 0.580
Ar 1.64 2.52 0.61 1.10 _
Rz .40 2.24 1. 3.00 i
xe 404 1.94 1.8¢ .80 ‘
2, 0.79 .47 0.138 1.00 ‘
"y 1.7¢ 2.4 0.69 2.:3 !
0y 1.60 1.9 0.44 1.20

Sxefersnce (13)
Breference (8}

SRefatence (22)

|

i

|

Sneterence (23 {

e
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Cs = Cap * Caulpr/! PrragiCay * By/apitpyl (30)
and using the Londen formula,

Caq * W@ (1.0 (1
vhere a g¢ 3p sge the cespective polarizabilities fot
species (a) and (b}, (I.P) s the species lonizatioa
potential and C,, Of C,, are the C's for like
interactions. 1

In fiquee (ITII-6), a ploc of la(9y) va. la(Cq)
shows the data to be sore in alignsent vith the line of
slope 1. Although various appeozisations vere used in
testing of these tvo gquemching wodels, the observed
neatly linear dependence of "Q on Cg could imply that
the Absorbing-Sphecte model is more appropriate for the
quenching of vibrationally excited BgB(X) species dy

the various reagents tested. This resuit gives further

credance to the claim that HgBr restoring focrces are

o Lunits of 10 %m’)

comparable to EgBC+R forces. 1Im such collisioas, ome

expects all incosing trajectogies and not just a partial

1 r
2zagtion, which pase the critical distance, to lead to t 10 vse 00 . 1000
Cylumisof 10~ erg-cm )
quenching.

100 02

Apnandix A Quilins for aimulatian of celanive
ansezption by LIZ of yacicus haoda in %eBr(x?3*),q).

FIC. 'I11-8). A plot of the cross section s Rether than just display the computer program used
8. the C¢ intecaction coetficient. in the simalation studies, {t is perhaps better to
718 defined by k/<v> vhere k is the outline the crucial steps, listing the i{mportant
seasuced quenching tate coefficient and equations and discuesing the limitations and resulty of
<v> is the aversge collisioa velocity the computer Program. In this appendiz anm outline {s
defined by <v> = (Sk2Av 13/7 vheceu presented for simalating optical transitioas from v*
16 the colllsion ceduced sase and T= 138 K. states of (X35%),4) to v* seates of (335%, 5) in B¢%me,
The s0i1d line has unit slope vhile the It is expected that the vavelengths for all similar
dashed 19 drawa vith slope 1/1. ’ tzansitions in the other abundaat isotope lq"lt vill pe

shifted towasd the bloe (higher enecryies) by 2 ca”l,
Any realistic analysia of optical absorptiom in BeSc(X)
sust Loclude lsotopic effeets. The f0llowing snalysis
is prepaced only to shov the qenersl sbsorptian
charpotecistics of the radical SgBc. The influence of '
molecular rotation on electronic motion are considered
by using the coupling scheme of Rund’'s case ™2 in
this case the #pin S vector i3 either veakly or not
coupled to the internuclear axis. The total anqular
monenton spart from spin ls designated by the letter K.
Inclusion of the spin 8 vector causes a 28+1 splitting




of each K state (J=E+S), for a 1:_,2: cransition,
there appeaczs two R (J==>J+1) bramches and tvo

? (J==>J=1) branches. Using knowa spectioscopic
constants. one can vrite the rotational ters valuves for
the Nund’'s case (b) coupled molecule. The two series
{(3-1/2,J41/2) are givem Dy.

PLUEIOP 01 /2y ® vooRyR(Rel} =083 (Rely 3-1/2v(Xe)) (L)
Py (RISP 5 ) a) ® vpoRKIKel) =0 k3 (2e1)2e1/2vE (A2)

vhere B,, D, and Y sre the spectrescopic constants and
vg is the bamd origin. Using Py, Py the following
equaticns display the P and R type transitions betwveen

variocs energy states.

Py =g ¢ P (R=L) = P () an
Ry = vy ¢ Py (Kel) = 217 (K) (a®)
By ® ug + Py’ (K=1) = P3°(K) (AS)
Ry = vg ¢ Py’ (K4l) = £3°(K) (A6)

in generz] the intensity for absorption via dipole
transition betveen two electronic states is given bys

T(V) = My (R” ") 2icwt [ve> 285, (@~ FIITI/IXTY) (g
Qe

vhere Nye i8 the population in the groumd vibrational

scate v°, n.""' ste detived from kmown P centroids,?é
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<o v*» 2 are the Pranct-Condonl®? factors, and Syi3e i
the line strength. The exponent “ers gives the relative
aumber of molecules in the different rotational states.
J and Q, are the state vibrational, cotational sum
(partition fuaction), and C is a constant. In this
simulation the vibrational population N,» is always an
input, therefors (, is a state sum. Por instance in
rige. (III-2(a=e)) all W,e are {nitially asssmed to be
equal, indicating at a glance thoee transitions which
ate most probable bdecasse of large Pramck=Comdon
tactors. The variatioa of l.""' vith v* {s expected
to be small and in each simulation it vas assumed ¢o be
conscant for the ensemble of v° considered. Pigs, (IlI-
2(a=d)) show that the vibrational levels, vhich bhave
strong absorption cross sectioas at the probed laser
fzequency ars near eech other. All Pranck-Condon
factors aze inputs inte the simulation and the line
strengeds, Syeze, for 23 —> 23 cransieion are takes
trom Kovacs.? They ate listed below,

Ry @ (R+2) (Rel)/(R43/2) (AD)
Ry = (K} (Re1)/(Re1/D) (A9)
Py = (R+1) (K)/(Re1/2) (A10)
Py = (R=1)(R)/(R=1/2} (A1)

The rotational partition functios Q, is calculated

assuming a coantinsus of J states (the rotstional

constant for Bydr is B - 3.04 =»”l).10
Q¢ = kT/3 (A12)

The sp pie Bys and B,: vete also inputs
into the simulation, vbile the second order rotational

constants Dy,e and D, are calc.iated using the

equations.
B, * D, ¢ By(vel/2) A1)
Dy = 483 /w,? (A24)
vhere By and vy 2Te known sp pic

Secause the D ternw are very smsall, the progranm d1d not
inclode the v dependemce of D, (D, - Dyl. Using Eguation
(A14) the parameters D,. and O,. are 1.8210"? and
2.44210"7 respectively. The splitting constant v in
Zquations (Al), (A2) ie very ssall especially compared
to the B, ters, In the progras vy vas assused to be
sero. Although this sskes P, (K)=P,(K), tbe "lack® of
splitting does not necessarily seas that rotatiomal
terws from F)(X) and Py(K) cannot overlap. The
splitting does linearly iacrease vith K ( Y(K+l/2)), but
this effect is assumed to be negligible over the number
of X levels consideced.

A computsc progtam vas developed in BASIC vhich
calculated I(v) for a number of vibrational bands

situated near the laser probe frequency. fach
transition band vas separately calculated ueing a given
vibrational population, snd a rotational -emperatuce.
The calculations included susming over 120 rotational
levels. 1In » the

v prograw genecates &
linear vector matrix where each element of the matrix is
the net abesorption I(v) for a perticular tramsition line
of a rotatiom=vidration band. The vector satrix
includes sll four branches (Ry.,Ry,Py.Py) of the
particular sbsorption band. Because of the large numder
of transition lines, the calculated vector satriz
containg an enormous nuaber of elements, naking it quite
impractical for plotting on any sensible scale. It vas
necessary to establish a mathematical slit fusetion,
vheredy for a givem slit width, this fumction would scan
over the vector matriz reducing the number of elements
by averaging over the slit vidth., Wwithin She slit
vidth, the integration is » veighted average vith the
term value in the centecr of the slit given a unit wveight
of 1, vhile those on either side of the center are
wveighted sequantially less according to their distance
from the center. ®:=eb transition band is plotted bafore
ptoceeding vith calculations on the next band. All
bands around s given laser probe frequency (zee rFigs.

»e
5y
»




(I1f-2(a=d}), laser frequencies indicated dy acrows)

age normalized (to an arbitrary set of units). Relative
amplitudes cannot be obtained betveen diffacant groups,
pot omly nithipn each group. 1In Pigs. (11I-2(a=d)) the
sisulacion bands all daqrade to the red vith no
distinction betweem P and R dranches. Giver the average

=1, iv is possible to

cotational constant B - 0.04 cm
calculate the sepazation of the P and R branch peaks.

The separacion ia given by
fpg™ o (2mt/inen) V2 0 23ssem /2 (a1

at 300 K, £po"A% = 8.2 cu”l, indicsting that for this
simulation the P and R branches vwill be unreselved.

In BgBc, calculations show that B.<h .10y

thersfore the band head iz ezpected to form in the R
branch (short wavelength sjde of the ocigin) and
degrades tovard the red, The separation of the origin
and band head can be calculated, and for an average band
tzansition it is only 0.13 cm~l. Seo it is

expected that the origin will essentially be the band
head. ‘

The simulations in Pig. (III-2) were tested at
diftecent rotational temperatuces (TR ® $1%0 £ around
300 K} and it was found that the band snapes had only
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slight dependince vith Tge Also Zested vere the number
of rotatiocnal levels vhich are summed over. At & Jiven
temperaturo, the band shapes &re quite sensitive to the
number of J levels used, Sut SUBEing greater than 100
rotational levels shoved no appreciable change in the
curves. All curves in Pig. (I1I-2) are genecated by
summing 120 rotational leveis at 300 K.

Anpandix A: Magping of nasRent x' laval saoulation in
naar(9%5%),5) onta g° arates af Aakc(x35%),5).

The nascent v' popolation distridutionm in neBr(®)
are derived from culculations by Cool et 133 e
synthesized distribution 1» sbown in rig. (III-Bl).
Also knowe are the Pranck—Condon factors for the vacious

- yle=>v* transitions.}? rolloving B==>X emission, the

Popelation distritution in the grownd (X33*),si santfold
can be calculated by ustng the following equations.

T~ ® Byihyys (NGVyi el (81)

£(v®) = T £(v') Agege (82)
Ayiv

Agrgs (v,.,-)zl.z‘u' ves 2 (83

tv) =% U::Hv'-,o)’!.z!(v' ivey:2 184)

vhere g, (Bl) describes the emission {ntensity for a
single v'——>v" transition. N, (s the population in

level v', Ayiys i3 the Einstein A cosfficient for :he
transition and v, .. is the transition frequency. Ffor

a given v' state population distridation such as f(v'},

PIG. (I1I-81). Nascent vibratioma) diseribution for tde
lzi‘uz state of BgBr foliwing 19) na
photolysis of BgBr,. The distribution
includes processes vhere doth n(zrx 72}
sad lt(:’J/:) age produced. The cucve
is vakea from Reference (13).
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the ground stats population distributionm f(vh is
tquation
(83} shows the relationship of Ayrys to the transition
Insecting 2q. (83)
into 2q. {B2), one gets Eg. (B4) vhich relates the

qenerated vis & mapping given bY 2§, (32).
moment and franck-Condon factor.

ground scate distcidbution £(v°) to the various
paramete:z. Inowing the FPranch~Coudua factors, £{v"}
can be calenlated to within s constant by summing over
the contributions froa ALl v states. Purtheramore, each
contribucion sust be soltiplied by (w,...)? transitios
£7 equency.

In the calculation of f{v") for HgBE(X), the first
order approzimation was to only comsider s number of v*
states about the mezimuw transition owerlap i{ntegral.,
evt w3, €0r u given v® qround atste. A sum of &
+' states avost i ¢v'lves (3 gives a net teamsttion
ptobability which is vithiam 15% of the true total
transition probability (summing over all v for a given
v"1. Sinae neacly 850 of the transition probabdility to
a given v® state comes £rom a fev neqrdy states about
sose ¥', one can also expect that (\v'.'.;J vagiation to
aiso be smell. An analysis revealed that (V,.'-)J
variation te be lesa thap 3% for s givem v°. To first

ordet, one cam simlify £g. (84} and make it more
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amenadble to calculation.

{

v
tiveyn cEie(ve) | cotl wes) 2 (28)
""5

Table (I31-81) 1lists the normalised t(v")
distribution using the digitiszed values of the nascent
distribution in B5%, 5. The £(v") distritation in the
table are for 12<v®¢49. A complete f{v") for all v* was
not necessary in amalyiing the experzimental cesults of

Chapeer IIf.

TASLE (II1-B1). The normalized XS}, ground state

v
I
-

nascent v” population discribution f{v").

Selected v° Liv?
2 1.0
23 0.93
24 0.%0
28 0.88
26 . .80
7 0.77
8 0.73
29 0.67
30 0.64
n 0.62
32 0.357
1) 0.5%
34 0.51
13 0.49
36 9,46
3? 0.44
i 0.39
41 0.2
49 0.07

i1




Appeadixy . Ids calsnlacion af AgAT zastorins forsss
And the forces sxosrisaced ducing BGACtd Sollisionl.
Ina clasaical agnzoagh.

Jaing equations for the classical harmomie
asecillator, & figure for the restoring fotée Caa be
obtained within am order of saguitude. The foree

for a i€ oscillator say be detersined
from the squatioa.

ke arduu 13 €y
where U is the reduced aass (37.75 an for lqlt)z and
Voser th® vibrstional frequemcy. Por the anbarmemic
oscillator 398z, the vidratiomal fregquency in the state
v® according to classical theory is givem by.z

Vogg = CAGye €2}
vope = Cliwg=voxy) = 2w x v*} (= })
vhete v, and v 2, are the k P ie

At v°=22, the vibretiomal £requency v ge.(v ®12) is equal
to e(142 ca™3) giving & vibrational spring comstant k of
s.34x20% dyne/cm. 1In HgBI(X,v") the sazimum restoring
force occurs vhen the wolecule iz at the classical
turning pointa. Using the above Equations, the mazimum
testocing fotce ¥ for SgBr(X,v"e22) is 42107¢ gyne. 1o
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3ake & transition betvees v states a smsaller
verturbation force may oanly be necessary.

To zalculate the forces that might de sxperienced
during & NgBr+N collision asually cequires understanding
of the collision dynamics and the intsraction potential.
Sere, the classical ball and spring analogy ls used to
just Jet & gesecal °"feel® for the interactiom forca.
Fot a given translational energy the classical collision
will conwert this transisationsl emserqy of the Ry species
te potential enerqgy in the “coiled” spring (harmoauic
ostillator BgSr). The restoring force of the partuzbed
spring will define the force of the collisiom. This
48SUSPLion agsunes & non adiabatic collision, one vhich
is impulsive. 1In an adiadatic collisiom the oseillator
spring has time to accomodate itseif to the collision
and etergy transfer becowee tnetficiont.2®

At 313 t (experimental tesperature) the average
translacional enerqy e 237 eo”l (4.621072¢ orgm). The
potential energy for a bacmenic oscillgtor le givem asy

v« 172023 ce)
Setting the potential energy ¥V wqual te the
translacional energy of the N speeies (233 cu”l) gives o
perturbation displacesent of X=0.12210"%w in the
{dealized Ngdr mulu'e:. with this displaceneat. the

un°

generated force P eyuals sx10~% dyne. This force is
conpacadle te the cestoring foroe of the Be¥riX.v")
moleculs st v'eil. Tbe calculations of Cool et al., on
the classical turning points for BgBt, sbow that o
pertutbation displacement of 0.1210°% cm for v* levels
neas v*=11, result in s change of state equaling one
vibrationsl level.
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CBAPTER IV

ERENGY TRANSPER ROM Hg($°Py) 0 Sqbr(XE%) /)

" laxzaduction

In 1ight of all recent advancas in the chemistry of
electronically excited atoms,! there has been
considerable resesrch in the collisional quanching of
ezcited metal atoms,? nost previcus studiss, sad
rightly so, heve focussed on the ceactive and enesgy
409 aseas and
solaciias.’ There have been fewer efforts (n
investiqating iatersctions betveen atoms aRd IAdicAls.

eransfer p e ¢ i

The inherent potential in tsdicals for reactivity makes
then suitable candidates for studies in energy transfer,
bat the d{fficuities associsted vith producing and
handling them makes such sxperiments come under strictet
scrotiny.

In this chaptaz, espetisental results are presested
vwhezein the deactivation rate of wetastable !q(i;!oj by
the radical species EgBc(X) is measuted. The

fda

deactivation of Iq(’vo) is wonitored bY

chemiluminescence ot fAigBr (B} via the reactions,

he
ng(3pg) + mgse(X) ~=> #gilsy) + momri®y ‘L)

A
AQBL I8! > NQRe(X} + hv ()

A8 veitten, reaction (1) is an exowcgic process with (&3
enecgy transfet and ceactive pathways being
indiscinguishadle. Byoation (1) also shows only one
deactivation pathway from a posaible suititude. 1Inr Tig.
(JV~1), an enetgy level disgram Le dcava to shov various
product enargy states. Reactiom (1) 1w thought to be of
isportance becsuse (1) it teflects an interaction
potwntinl surface upem vhich enefqgy tramsfer of resction
nay take placey (2) correlacion disgrams in (J,0)
coupling does not Ssem to restrict of disellow the
reaction (3) and in application, the metastadie nsture
of the excited atom, l9(3!°) CAR S4TVE a5 Ah eNeTgY
reservoir for the vell known mercury-halide 8gBr(d=—>X)
lasers. Resction (1) has besn obesrved for the Chlotide
by Vikis & um.‘ DUt its cata was never »essured. In
this chapter, the experimental teaults can only place an
upper limit to the reactiomn tate in Eguation (1), But
with the use of correlation diagrams in conjunction with




16, (I9-1}.

i

ENERGY (ov)

n
>

BT
-2k
-3~

Enecqy level disgras for product states
vhich acre enetgetically sceessible to the
tnearacting peir Bq(sipg) and

ager(13%%, /1) 38K0 emergy correspuads
to the grownd scate species Ny(6iry) ead
M (X35’ 0. The lom paiz wgtiisy o,
8ar”(35%) is aiso shewn, sivow tbe
potential serface for this Sow peis
crosses the surfaces which compect neutial
species ax the separstion associated vith
the harpoon wechanism (see text for
details).
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an"(’:;] - "‘Q.(asvfl:

s HQBr (X L]+ HG(6°P,)

————— Hgg%,) + Be(atp, )
—\ re 70,1+ Br(a?n gy

.\ HOBr& Lo g+ Hg(6'Sy)

Y 21g(6'sy +Bra?py )

[

NGB LT ) e Hg(6'S,)

e MG B ('L + HQIE'S,)

PIC. (IV=2).

an approzisate model for charge trmtchs & qualitstive
understanding of the deectivatios sechanias can be
presenced. The use of correlation diagrans alsoe

tacilitates s discussion of the laportance of othes

ehing pr

ompet LNy

Expscimencal

The expacimencal approach is shows schematically in

1q. (Xv=-2.

Stiefly, in s chasbar comtsining 8¢ and

Belry, am AP laser {193 am} i3 used to photolyse fight,
vapor ptoducing a known quancity of Sgdz(B\} waich in

turn Secaya (23 n)7"? vo wesrixi.

A second palsed

lasecx, appropriately delayed, is tuned e 2331.7 m
6‘!0 - 6’?1 8¢ resonance transition. 89Br(X} will also

absorp 253.7 nw*® but the cross section for cesonant
shsorption in By is 3 orders of magnitude larger.l?
Witrogen gas is used to guench the 677, g state to

vield the 677y §Q westastasie.)? the N, deseity used in

the expeciment is insufficient to quench £glc ().

deactivasion of luc’to) is monitored by

he

chemiluninesceace of BOAL(M=—>X) ss per teactioas (1}

and (2); vhile the deactivation rate coefficient ls

sexgured by varying the la!r, concantzation and

Srrany S{x th

sbown) sre fized to 4Aifferent perts of
the sample cell (n otder to monitot the
tasparacure and {ts wmiformity. The

Ries (not

Schamatic draving of the experimgutal

tesperature could be concrolled to & L R

for long pariods of tiwe, Both 512 and
233.7 e lasers ace spatially filtvered
and collimated prior to entering the

chamber, and a nartov bapdpase

interfoarence filter ( 10 am tvim ) i

used to protect the MT from scattered

532 s radiation,

photolysis ie not needed,

™e 332 o laser (s
blocked for those experiments whete sty

.
*
-
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saintaining the Hg ation ot The 512 nm

radiationa shown in Pig. (IV=2) is dDiocked in this

expeciaent.

The sasple chamber resembles & previous design
(Chapter III} bSut is completely made of Pyrex glass vith
vindows mounted using O cing seals. A Pyrex chamber i3
tesistant to BMOgt reagants and can de designed to have
teasonable tempecatute stability. Prior to use, the
chamber vas baked st 300°C to iasure that sll volatile
cospounds are removed. It is also externally painted
black snd completely vrapped vith heating tape. Pive
separste hosting tapes vere actually used to
individually adjust the hest at various piaces on the
chambet. AlSe 3 set of six thermocouples are strategi-
cally placed im the chamber to momitor temperatute
uniformity. To turther ainimize condeasation on the
vindows, the aras and vindows ace alvays kept at s
tempecsture vhich 19 digber thas ia the ocbmervation
teqgion.

The cutput from the AzP laser (Lusoaice, 30mJ)
enters the chamber ucafocussed thtougd Suprasil quacts
vindows. After a preset delsy, & tuned doudled Nd1YAS
punped dye laser (Quanta Ray, Rhodasmine 398, 13 aJ, 10
ne fvhm) is frequemcy upcoaverted (X2 KXDP, Ramen
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Shifring in By, 1%% anti-Stokes) and entecs the chember

ctossing the ALP laser at cight anglea. Both lasers
enter and leave the éhubo: through long arms which
minimizes scattered laser light. Chemiluminescence s
cbaegved at right angles to both lasers through a
telescope/filter/qgated PNT (ENI, 9659Q8, 1635-%00 nm, 10
ns) arzangement. S$Signals from the PMT are di{gitized and
averaged (Biomatiom, 10 nas gate/Tracor Northernm) until
adequate signal to noise (s obtained. Fig. [IV~)) shows
a typical signal plotted ovet several esponential
lifetimes. To characterisze the signal and fnsure chst
the emission is NgBz(B==>R) as per Zquationa (1) and
(2), » set of narrow band tiltacs were used to check the
spectral nature. The obeerved emission van solely
between 330-300 na vith a peak near 300 nm. This broad
emigsion band {8 wvell known to bde lqlt(l—ﬂ)” (see
rig. (I=1)). Purthermore, no ssission could be observed
vhen either B¢ OF Ny vag sbsent 208 the cell, ot vhen
the 253.7 nm excitation laser vas detuned from the 8¢
tesopance transition. The emission is only observed
wvhen both photolysis and 25).7 ne excitation lssers are
used in the propet sequencs.

In preparation and prior to the experiment,
perified mercury was ficst transferred intn the chamber

PIG. (Iv=3). Typical data from the transient digitizer/
signal averaget combination. The time
scale otiqin {8 coincident with the 8 ns
253.7 nm lasor, and the 1 us delsy is
required in ordex to gate the PNT
completely an following excimer laser
photolyais. Por the case shown, the
pressuces of agde, and Ny vere $ aTorr
and 125 aTorr respectively. The results
are an average ot 256 laser firinga, snd
four or five such rates sre sveraged to
obtain the desctivation rate at one

tenperatare (see PFig. (IV=4)).
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at a xnown temperature (310 K, (Hg] - 1.5x1034cp=3) 14
The chamber was allowed to cool and a fev milligrass of
dgBr, <as then placed i1neide, the chamber vas pusped
out, tnen filled vith 150 Torr of purified Ny and
sealed. All further experisents conducted vere &t
cempuratuces vhereby the fig concentzation is kept
constant. g8z, has a reasonadle vapor pressure at
sodest temperatures (100 aTorz at 37) R). The
concentration of BgSr; thtoughout the experiment vas
solely derived from tempersture versus vapor pressure
curves (see Table (II-1)}. Oiffusion of species from the
obgservation region is expected to have negligible effect

3iven the experimental conditions.}s

Rasulzs

tquations (1) and (2) indicate two possible
channels from the verious desctivation paths open to the
setastable Bq3P,) and the electronically excited
zadical figdr(®). In this experisent, quenching of =he
excited radical, dy vacious photofragments can be
neglected because of :“he short lzfln state lifetime
(23 na) and the lov number densities involved.

Nitrogen., the species .n lacgest concentration is known

to be an inefficient quencher of both MqBr(®) and
!q(’?o)- Thus, #g8r(B) desctivation is strictly
govecrned Dy spontanecus emission. Quenching of the
metastable 8¢ by undissociated pacrent molecules ‘Rgdry;
contributes ORly & very small amount =0 the opserved
quenching, because of the high quantum efficiency of
photodissociating 8Bz (QF - 1.0 at 193 nmi.>6 wien
nearly 100% dissociation yields, the concentration of
898cy in the observation region (s expected to be small.
This vas experimentally verified Dy measuring no change
in the initial photolysis 8gBr(B—=>X} emission :ntensity
with variacion in Acl laser energy. However, HgBr(X)
species can react vith Br atoss to fors Br, mwolecules.
Since both BgBr(X) and Br are in equal concentration the
removal of AgBr(X) with Br vill be second order wvith
respect to [(RgBr(Xl). The :zate coefficient for such 1
creaction is not known, but the rsaction is clearly
ezothermic. An LI? experiment was conducted o probe
for Bry. and given the eszperimental conditions no LIF
emigsion could De observed. With the sforemsntioned.
listed bDelov are the relevant kinetic processes :(n

sddition to those of Equations (1) and (2).

3
Hq(3P°7 + Bg8r(Xx) -3> All other gquenching processes ')

ug(3

e

4
Po) ¢ BELP) 2 3,20 ‘i: Aglsg) o seile, oy 0

3 : H : 1
Ag(°Py) + Bg(*Sy) —> AG(*Sy) + Hg(lsy; %)

one solution to these equations (Eqs. 1~5) 18 the time
behavior of the radical 89¢Br(5) number density. It has

the qenezal form,
(BgBz(B)l (k) = Cla™'% ~ ¢7Aty 6

vbere a, A and C are constants vith A being the
spontaneous emission rate of Zgustion (2). Ondecr .ae
experisental conditions A >> & and by delayving data
acquisition a fev hundred nanoseconds, the solution

sisplifies to & sensidble single ezponential of the fors.

[HgBe(BI ] (t) = co~*t N
3 = (Ryekyl (HQRE(X)) o K (BE(3MN] + Kg(mQ(iSpil  (8)

where the erxponential behavior now reflects the net
deactivation of the Bg(3Py) metaseadle. The time
constant ¢ at & particular tempersture (s odtained >y
simply plotting the 1ln((AgBr(B)]) versus time

(Pige IV=3}). The definition for a can be simplified Sy
noting that NgBr(X) and Br(?P), both products of AgBe-
photolysis, have equal concentrations for a given

temperature. Since tite 8¢ density is kept coenstant, a




plot of 3 versus (8g8riX}] should be linear having »
slope squal to the sum tates kyskyek, as shown in Piq.
(IV=4}. The measured value of this slope vas
12.720.41x00 " 7cal20lec”is"!,  To escablisn the rate
coefficient for the deactivation of 8g(’Py) by Egsr(x),
or k;*ky, it 18 necessary to know k,. Prom a sepacate
independent experiment the deactivation rats of ‘9(1’0)
by lr(zt) atoms vas established (see Appendix A for
sumsaty of experiment and results). The seasured cate
cosfficient is (1.020.341x10 %cuinolec~ls~)., 1wy
substzacting k, froms the slope in Pig. (IV-4), the rate
coefficient k;+ky for the deactivation of 2g(Pg) by
2981 (X) equals (1.7£0.831x20 %cn3morecis™l, 1: 1s
surprising that even after allowing for experimental
errors, the resulting rate coefficienc kyeky 18 still
large, wuch larger than the gam kinetic quenching rates,
it seems only obvious to claim that long raange
interaction forces are in effect, though the simple
dipole—dipole interaction should not be the major
coupling mechanism, The dipole-dipole intecaction, also
tsrmed “Golden Rule® guenching (termed am such, because
the gquenching rate is derived from the Permi Golden
Rule !quntxen).17 vould de expectsd for dipole

tzaneitions vhich are fully allowed. Since the Bg
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r1G. (Iv-4). Ag(’Py) deexcitation rate vs. [(BgSr,l,.
Each point tepresents an average of 1024
fluorescance tzaces. The straight line {s

a least squares fit.
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slro-élso trangition dipole ia vanishingly smsll, 2
*"Golden Rule® type quenching hae small probability. The
well known “harpoon’ chatge transfer coupling scheme,
whereby exit channels arfe teached thrcugh the
intermediacy of an atom=to-quencher charge :ransfer
state, may be applicable here, since charge transter

interactions can occur &t relatively long range.

Qiacusaian

It is appropriate at this point to mentich “hat any
general quenching mechanism employed can only provide a
qualitative description. Thare has beef no guantitative
attempt wade to apply detailed energy transfer :heories
to lq(Jrol and 898r(X). One must be satisfied with
descriptions which are physically reliadle under
approximations.

Cne of the cosplexities associ.ted with the
collisional behavior of heavy atoms (s that any symmetry
arguments employing the wveak spin orbdbit coupling
approximation dows not Clearly present the :iaht
chemistry. Quenching studies on 8¢ (spin >rbit
splitting - 0.2 «¥V) should be dimscussed (n terms of

synmetry arguments based on [J,5) coupling, the nore




suitable vebicle vhen conaidering chemistry of heavy
atons.i? To this end. the quenching molecule BgBc(X)
sust 2lso be considered using (J.0) coupling arqusents.
Relaxacion of the spin quantum number often results in
there being 3 large nusber of non-deqgenerate sutfaces
corzelating reactant species to various product states.
Therefore, thare may be aany posyible surface croesings,
chagacterized by high cransition probadilities, and
hence the abeence of direct adiabatic pethways sayde
circumvented via diabatic channels leading to those
products of intezest. ldeally, correlatioa diagrame
based oa (J,2) coupling should include the effect of
crotation on the appropriate Bund's coupling cases for
the molecule in concern. Ia thig analysis, it is the
intention to only provide z qualitative undecstanding
and Pechaps 3hov the existence 9f any obvious barrier
vhich may keep the reactants from correlating to
specific products of intsrest. Thuas, the correlation

diagrame presented utilize (JA) r.oupunq“

but neglect
rotational effects. Pigures (IV-5) and (IV=6) show
these corralation duqn-s.‘ Only those surfaces vhich
directly connect the reactants to products are drawn.,
(see Appendix B for the analysis of both (L,8) and (J4)

coupling schemss). Two collision trajectocies have heen

rIG. ‘Itv-5). Correlation diagras in (J,q) coupling
connecting the reactants n(’!) and
BgBr (23*) o vacicus possible products.
In this diagras, the correlation is
assumed to g0 through & 5gBzEg

intermediate of C, symmetry.

Hg(*P)+HgBr (’T )
Hg,(*1,)+8¢ #P)

He,C o) «8r 3P

HqBr(zn)*- Hg('s)

e 2
Hg,! z!5+3r( B

HqBr(ZI')* Hq(’S)

REACTANTS PROCUCTS

————————
C¢ Regction Coordingte

FIG. (Iv-6), <Correlation diagram in {J,3) zoupling
connecting the reactants lq(’n and
ugBr (5%} to varicus possidle products.
Ia this diagram, the correlation 1s
assumed to go through & AgBrHg
internediate of C,, symmetry.

g8 (T 1+ Hg('s)




Hg(’P) +HgBr (3T ")
- Es, Hg, (1)) +8r(P)

2 HgBr(3Z )+ Hg('s)

REACTANTS PRODUCTS

ORI

C  Reagction Coordinate
wmv
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considered, the end-on approach leading to a G,
triatomic intermediate and the side—on col.:uuon leading
t0 an :ntermediate having C, symmetry. Since the
radical Bg8c(X) is expected to be crotating, a colilision
along a C, reaction path is more likely. But based on
dynssical srguments, & Cu, reaction path vhere the
excited lg(’!o) approeches the radical fAghr(X) from the
btomine ride s more 1ikely to lead to reaction and
production of excited AgBr(B) species.

BSoth collision trajectories show that adiadatic
pathveys exist which lead to the production of
elactzonically excited mezcury excimers 812(32“) and
A93307). The Aey(31]) excimer which iles - laV above
the 89,(307) potential vell?® requires s third body to
be collisionally stabilized.?l The departing Bz atom
can serve to remove excess energy and stabilize either
excimer pair. Both excimers have fluoctescent bands, the
93315 - 89,(153) emisuson ae 135.0 nm and the
99503031 = #95(153) band ar 485.0 7. 2973 rhese
emission dands do happen to be in the spectral ragion
wvhere =he RgBc{B—>X) emission signal is momitored.
Rowever, the excimer decay lifetimes, uadetr the
experimental conditions ace (n the - me unqo"'n and

auch larger than the BgBrid—>K) lifetime of 23 ns.

Emission intensities from the excited mercury ezcimer
states are expected to be snall because of the
setastable nature of the excited state. Though mercury
excimer emission wvas not obsecved, one sust consider
that Agy ezcimer formation is a possible pr'oduet species
in the desctivation of lq(:‘!o) by the radical species
AgBr(X). It should be noted that all chennels vhich
lead to the formation of the products qu(“'Z;} and
qur(z!l) will eventually lead to dissocistion of the
diatomic product species. Both lo,f;) and 8g8z(3M) have
tepulsive potentials which correlate to ground state
atoms. 3ince & number of adiabatic correlations can de
dravn from the reactants to dissociative products, it is
believed that in the deactivation of uq(JPO) by 398r(X),
one salient quenching mechaniam is the collision induced
dissociation of HgBr(X).

The measured net deactivation rate of Iq(’?o) by
AgBr(X), within experimental uncurtainty, is found to
greatly exceed the gas kinetic rate for the colliding
PaLr 19, = (690255012107 18ca? %5 » 50x10716cn?). 32
Therefore it becomes necessary %o consider alternate
quenching mechanisas which allow for long range
interaction. One such theory vhich has had ressonadle

success is the charge transfer or “harpooning”® modei.

It has deen successfully used %o explain the large
reaction cross sections for alkall stom reactions vith
hnoqtnl.n'z‘ and because of their lowvered ionization
potentials, the quenching of the JP states of 8g and Cd
by various -n.l.-enlu.zs'" It was found that those
molecules which proved to be effective quenchers, had
electron affinities commensurate vith the ilonjization
potential of the colliding atom. The basic premise of
the model is that for an excited atom A and quenchaing
molecule W, it is possible for a potential surface of
predominantly A*-n"! character to crows the diabatic AT-u
intecaction surface at distances sufficiently large that
the A'-% curve is sufficiently flat (Pig. (IV=T}}. To
tirst order, the cutve crossing distance R is def ined
by the Coulomd potential vhere the enetgy term is the
enerqy difference betveen A'+M and A*+m” surfaces at
infinite A=M distance. HNeglecting polarizadility of the
A*N” complez, Ry can be veritten as,

o2

- ‘8
fer IPING( Py)) - BA(BGRE(X))

vhere IP is the ionization potential for lql’?ox

(.78 e3¢ 4nd EA is the electron atfinity of the

radical BQBr(X). From calculations by Xrsuas et al..??




riG.

(IV=7}).

POTENTIAL ENERGY

rotential energy curves for an stom—atom
interacting system, Por an atom—solecule
case vibrational states for each potential
would have to dbe added. Clearly the
Erou:m) points ars strongly dependent on
the ionie pacamsters of A®, the excited
atom, and M, the quenching atom, f{.a. ON
the {onization potential of A%, che
electron atfinity of N, and the
polazizabslity of the A* + n”
intermediate. Pigure i3 taken froe

Refegence (27).

427 INITIAL
STATE
.- A+M+k, e,

Z*”  FINAL STATE

INTERMOLECULAR DISTANCE R

-—"m

one can estimate the electzon affinity for A98c(X) o bde
about 1.9 eV (taken f{rom the potential wells of the
neutzal and negative ion between the minimum points).
To first order, the curve crossing distance Rew i8
$.0x10 %cn.  sovever. Ry i85 measuted frow the center of
charge in BBt~ to the nucleus of Bg(’Py), while the
hard sphecre cadius Ryg is measuced from the center of
mass of AgBr to the nucleus of lq(’!ol. 1¢ one assumes
the center of charge as the Br nucleus in Rg8c, & factor
has to de sdded to Roy to shift the origin to the NgBr

centec of maes. Sbifting tbis origin, Rep 18 normalized

to a value of 6.6x10°%

c®, giving a charge transfer cross
section of % * 129810°16ca2. this is lacger than the
hatd sphere cross section (%3 - souo'“c-z) implying
that the chatqe transfer curve crossing, &nd hence
quenching, Cap occur Prior to She hard sphece

89¢3pg) - MgBr(X) collision cadii. Hovever, up is
still ssaller than the experimentally seasured reaction
cross section (%y, © (690255012107 6cu?y. T>is
apparent difference may be sccounted if ve consider the
previous studies on alkali-halogen molecule react:ions.
In that {nvestigation, it vas found =hat the reactive
scat.ering cross sections are datersined Dy an impact

pecameter fot crbxunq” in the perturbed entrance

potential. If this orbiting .mpact parameter ‘the radi:
at vhich the centrifugal barrier 18 located for the
given xinetic energy E) is greater than the charge
transfer radii, the criteria for reaction is JULIOUALING
the cantcifugal hazsisz, i.e.. after crossing tde
barrier, electron transfer occurs with unit
pzoubtuty.” Therefore, the quenching cross section
is governed by the orditing -odu.”'” In the case of
the alkali-halogen melecule resactions, numerical
solutions of the relevant equations place the

centrifugal barrier - 2x10""cm outside the diabatic

(chatge tzansfer) crossing radius.’+30 1n cne !q(JPg' -
Bghe(X) system., an accurate and aeaningful calculation
of the orbiting radius would require estimating several
pacameters vith high confidenca. Lacking such precigion
in the parameters an ordit controlled charge transfer
quenching cannot be ruled out. However, the charqe
transfer coupling i3 considered an (mportant aspect of
the interaction. Por charge transfer to occur, the
onconing lq(’!o) atom must be in the 7icinity of the Br
atom. In ocher words, for effictent charge transfer,
n9(3Py) should attack AgBe(X) from the Bt end. This
dynamical constraint was also appatent in the alkali-

30

halogen molecule studies, In the !q(’?o) - fght(X)




exparinent any collision in vhich the twvo Ag atoms cose
AGAL, BAY ledc to a covaleat type quenching, excimer
formation or repulsion. While an interaction detveen
uq(’r,) = Brfig may lead to charge transfer folloved by
either HQBT(B) formation (BgBr(S) state has ilomic
character, especially for high v' states) or Eg¢Br(A)
formation which is cepulsive and leads to ground state
atoms. This possibdility is viable Decsuse at high
energies., the NgBr(A) and 8q9ir(3) potential curves ace
known to cross. The intetaction may initially fors
vibrationally escited Bgiig(B; v' - 23-10) species but
curve Cross to the repulsive SqBcr(A) potencial. A thizd
option with the lq(’?oi - StRq apptoach is stable
AgBr(X) production. This situation is indistinguishable
betveen simple quenching or reactive (charge transfer)
intetaction with ground state prtoducts, The latter
possibility is expected to have & low prodbability of
occurrence. HYBr(X) has a low potential well (0.7 eV
vhach would leave in excess of 4.0 eV to be pertitioned
as relative tzanslation Detween EQ and 8g8r. The outome
of the charqge transfer regction coald also be influenced
5y the approzimity of the spectator 59 n:o-.n

Although the net deactivation rate of !q(JPQ) by

AgBL(X) .3 truly the aggregate esffect of nuserous
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Juenching mechanisms., it is believed that the charge
transfer sechaniss ot the orbit conttolled charge
iransfer sechanise ate the most .mportant quenching
processes.

The measured net deactivation rate coefficient k at

best is an upper limit for the rate of Reaction (1),
Sut in view of the correlation diagrams with the
sultitude of possible products, the production of
excited BgBr(B) from quenching of 5Q(°Py) by BgBr(X) is
thought to be s minor chanmel. It is annoying that the
desctivation rates X; end k, could not be seasured with
highet precision. BSoth experiments vere very difficult
and besides the experimental sophistication required to
abtain higher precision would supersede the net gain (n
physical insight.

15"

ARpandix Ai  Nsasuzament of zhs tAfLs Sosflicisat 23z zhe
daaczivacion of mstastanis H3(6°?qiby asomis
B0y 3,90

In genersl, {t 18 vell known that atosic species in
electronically excited states ace quenched efficiently
by molecular gases vhile as quenchers, most stosic gases
appest to be rather inefficsient.’? This jenersl
behavior has been attributed to thes efficiency of nergy
tsansfer from electronic to vidbrational modes of
solecules {n comparison to the poorer coapling between
electronic and trunslationsl energies. HRowever. there
have been quenching experiments vhere deactivation
¢cross sections vere noticably grester than simple hard
sphere collisfon cross sections.’-33 These resulls
could not be eastly ezplained via covelent type atom-
molecule or atom~atom interactions. Alternate quenching
sechanisus which allow for long range interaction have

been utilized, but for reactions where one species has &

"lov tontzation potential while the other a commensuzzte

electron affinicty, the charge transfer theory or
“harpooning’ model bas been especially celiadle in

providing » qualitative description of zhe reaction
dynnlxcs.”

In this Appendixz, cesults ace discussed wherein :ne
desctivation of setastable lq("?o) -3 4 Bt(z!’) atous s
measuzed. The results from this esperiment also provide
the tate coetficient which is necessary in reducing
those resunlts of Chapter IV. The reaction of (ntecest
can be vritten by the equation.

X’ (AL}
Ba(63Pg) o Be(a2Py 5 3 9] ~—> Hg(6iSg) + BE(e?Py s 10
The wercury and bromine atoms are prepacred £rom separate
photolysis resctions, while the excitation of #9 (5 7ia

tesonance absorption. The net deactivation of !tﬂJ

?y)
is monitored by the chemiluminescence of NgBr(B) via the

teactions,
' 2
29%rg) ¢ Bry; —> Bgdr(® + Br(dpy 4 4.0 (A2}

A
8g8c (8] ~=> HAgdL(X} + hv iAd)

wvhere & 18 & known rate constant and A is the tinstein A
coefficient for RNgBr(B=~>X),
The quenching in Bquation (Al) is simple E-T

falectronic to translational) emerqgy transfer. It :s




also the only deactivation path available to %he
llq(’!,,) = Br collision pair. Thezre are no bromine
electronic states nearby to allow efficieat resonant £-¢

{electronic-electronic) enerqgy :ualtu.“

Mecrcury in
its I state has a lovered ionizeion potential and it s

pected that the me

le state vill zesemble a
ground state alkali atom in its chemical propacties.
The “harpoon® mechaniss ss explained in Chapter IV is
expected to be the dosinant quenching sechanisas.

The experimental spproach is shown schematically in
£ig. (IV=2), but for this exsperisent [t contains & ssall
amount of HgBr, salt and Bry. A KrP laser (249 nm) is
used to photolyze 898z, vapor producing a quamtity of Ag
atoms. B89Bry; hae an absorption cross section of
- Zx.lt‘)'“c-2 at 249 nm and i8 known to produce Bg atoms
vith :esonable quantum efficiency.5:35736 ,geor an
appropriate delay, a second pulsed laser entars the
chamnetr and is turmed to the c‘r,-c’rl 8g transition at
25).7 nm. This {s quickly followed by a third laser at
532 nm vhich is used to excite Br, molecules to
predissociativa levels of the 8r,y(83 %”) electconic
state (Tyigq - 260 n8)37 mitrogen gas in the chamber
inyl - 4.522018cn"3) serves to botd help quench

3

99(°?y) to "‘3’0’ and to enhance the Sr, dissociation

by collisions (Tgygy ~ 100 ns 8 100 Torr uz)" Optical
Szo88 sections of 8r, at 249 nm and 253.7 nam sre known
o be smsll (° - mo'ncnzx.” so there should not be
large densities of 8r, molecules in highly excited
states. The net deactivation of nq(’!o) is aonitored by
the chemiluminescence of H9Br(B-->X) a8 per reactions
'A2) and (A3) with Bry concantration held in exzcess.
The deactivation tate coefficient k' in Zquation (Al) is
deduced by first separataly measuring the net lg(”o)
quenching rate in the cases of vith/without the Br;
photolysis laser. The measured change in the rate vhen
plotted against 8r, stom concantcation (s proportional
to k°.

All data acquisition and diagnostic analysis ace as
discussed in the text of Chapter (V. 1In sddition the
chemilusinescCence signal vas chacsctecrized vith the use
of narrow band filtecs, where it could de assured that
it wvas AgBL{B—=>X) emisaion. Pucthermore, ne
chesilusinescence could be observed vhen either Bry, was
temoved f208 the cell or whea the 131.7 nm excitstion

laser vas detuned from the Hq resonance transition. All

the experimsents weras 4 d at one pecature
11940%2; (BgBry] - 1033cw™3)14 to insure sufficient

Aghey density. Bromine molecule concentrations vere

‘-—-———-—-—_-ﬁ

asasured using an RKS Bacatron gauge, vhile Br atom
concentrations vere deduced {rom the Besc-Lasbert
absorption equation, using known extinction coefficients
tor Bry at 532 am'0 and cne average laser enecgy (5.9
8J). At the seasured laser energies, only 2.4 of the
8r, solecules are photolyzed slloving the calculation of
(82! fzom & Seer-Lamdert relationship. furthermore, the
beam vaist of the $32 n® laser is kept saversl times
larger than that of the 233.7 nw laser in order to
ninimize the spatial variation of (Br] in the regton
where lq(’ro) gquenching occurs.

Equations (A2) and (A3) provide & scheme with which
to measurs the net deactivation rate of lq(’loj atoms.
Soth equations have large cross sectione
x - 10710:m3molec"tu7}, A @ €.32007s71) and serve o
reliably monitor the Hq(]ro) zoncentration. In the
axperiment quenching of 'thn excited tadical BgBz(B) by
various photofragments is neglected, because of the
short 835) ,, state 1ifetime (23 ns) and the lov number
densities involved. Nitrogen, the species in large
concantration 18 Knovn to be an inefficient quencher =f
both 3g8r(Bl and Mg(632y)., vhile 8z, known to readily
quench uq!t(lh’ is of such concentration as to have 2

negligible effect, Thus, fgBr(B} deactivation is

L5

strictly governed by rpontaneous emission (Bq. 'Ad)).
Though #gBc(8) has but one deactivation pathway, the
aetastable sq(’!o) can be quenched Dy enumerable
producta through a aultitude of poesible channels. To
obtain the specific quenching rate of Mg(°®,) oy Srt’p!
atoms (Eg. (Al)) from the various quenching processes.
one needs to measure the change in the net deactivation
tate of Bg(’Py) when the Br(P) concentration is reduced
to gero. If all other species concentrations ate kept
constant, this difference {n the messured rates can bde
aade to only be propoctional to the It(zr) concentration
while other comson terms cancel. Since the Bri‘p
concentration is reduced to gero vhem the 3ry photolysis
laner is off, it is only of ilaportance to check those
unvanted products vhich might be produced via photolysis
at 532 nm. All wultiphoton processes can dDe neglected

on grounds of low optical cross section, while all

absocption pr vith produ produced by he Krf
laser are neglected becasuse of low densmities. Thue it
19 only necessary to consider those Br; molecules which
are excited by %32 nm radiation but do not
ptedissociste. The Bry(d314%) and 3ry(A%<y") aetascadle
states ace optically coupled to the Bry(iZg) ground
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state by emission at 630-900 nm with long lifetimes




" «347s, 87 «12.4u8). A careful observation of this
apectral zegion was made and {t is believed that given
the experisental conditions, the Bty metastable
concentrations Are at best very small. Por
completenass, one more kinetic equatioa is necessscy
in addition to those of ¥qa. [Al) = (A}).

agtedry) o 1 3, M1 rrocesses (A4}
One solution te these equations (2qa. (Al) - (A4)) is
the time bebavior of the radical RgBr(B) numder density.
It has the Jeneral fora,

HgBr(MI(t) = Cle™8% - ¢"At) (AS)

where &, A, and C ace constants vith A being the
spontanecus emission cate of fZquation (AJ). In the
experiment, A >> & and dy delaying data acquisition a
fev hundred nanoseconds, the scolution simplifies to s

single exponential of the form,
{ngdz ()] (t) = Co™%t (A6)

where 8 18 the net deactivation of the uqu’ru)
setastable. The time constant, a, {s obtained dy eimply
plotting In{{Mgs8r(81{) versus time. It ie Jdefined
differently for vhen the 31, photolysis laser is pgp or

gff. WwWithout the 3532 nm photolysis laser,

Sogs = kiBralg * ky(Bg(3Pg)) (a7
and since xH(nq(3?°)1 te conatant (llqltzi constant)
plot of a,ps vs. (Bryig (Bryly té the Bz,
concentration priscc to 512 am photolysis) gives s
straight line with slope k(1.220.0)1230"%cnnolec™!s™!
(see Plg. (IV-Al) open cizcles) and this is the cate
coetficient for the quenching of 8g(3Pg) by Bry. Mow
$32 nm radiation enters the chamber and dissociates »
fraction, f, of the Brz. Onder these conditions

Son = KkIBZyl » k'(Brl  kying(3pq)} (AR

Bgn * (K & ELIK'=R))(Brglg * RyiBe(3Pg)) (A9)
A plot of s,, vs. [B23], gives a straight line with
slope (kef{2k‘'~k) (sew Pig. (IV-Al) closed circles), and
since k has been estadblished 244 f is known (2.4%), one
could obtain Kk'. The rate coefficient for the
desctivation of 2133g) by Be(3P) stows L deduced to be
(1.020. 01210 Ycm3nodee 25", Because k' i3 derived from
s difference of tvo measuced rates, it can be subjected
to latge experiments] errors. In anticipstion of this
problem each seasured rate was estadblished to a greater
deqres of accuracy 80 that the diffecence rate betveen
thes vouid have sum ertor that vould still be
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(JV=Al) .

HgBr (8 — X') chemiduminescence signul decay rale (unls of 0"
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u(’r,) deexcitation rate vs. (Bgy),.
The open circles are for the case of
lq(’ro) quenching by 8r, Qaly and the
slope is (lesst squares fit) 1.2230710
ea’molec~ls"l. In the cawe of the
darkened cicrcles, (Brylg is parttally
dissociated vith the 332 ne photoiyeis
laser (Fig. (IV=2}), and the quenching of
lq(’?o) is due to both Bry; and Br. The
slope is (least squeres fit) 1.721071C
calnoleesl, and is equal to
{kef(2k'=x) |, whege £ 18 the fraction of
(Btylg which {s dissocisted. Bach point
is the result of 2 2000 laser firings.
The laggest source of uncectainty derives
from not knowing (Brj]g sccutately enough.
Despite & large candom error, for a given
gas sample, one can see the systesatic-
ally larger czates in the case cf closed

circles as compared to the open circles.
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experimentally scceptable. The calculated erzor alse
inclades an anticipated error of the Br, absorption
coefticient at 512 ns (actually tvice the ertor
mentioned in the reference was used ia the etror
caloulations). It Ls then surprising that after
allowing for sxperimental errors, the resulting rate
coefficient k' is larger than gas kinetic quenching
tates. The observyd large deactivation rate ig
indicative of coupling forces vhich have long range
interaction. Becauss the Rq 63Pg-¢1sy transition dipole
is vanishingly small, one could not claim simple dipole-
dipole forces to be the sajor coupling sechsnism. By
virtue of its excitation, B3(°P,) has a lovered
lonization pocential, and 3. (3P) an electron affinity of
the sawe magnitude, the “harpoon’ aodel or charge
transter coupling smethod {3 moat likely to give the Dest
qualitative description of the quenching dynamics, A
first order calculation ceveals that the charge transfac
tadius for the Bq(3Pyi-8r pair is at 6.0x107%ca whniie
the ges kinetic radias 1s 2.6220 cw,

Acpendiz B: QRIXelAtion dUAGCARA, A SMRBALY Qf shs
ascassacy seousencial opecrations far adiabasic
cogzsiation 2ithec YA (L.S) SAURLIAG (EMALl apiB=ozDIL
inzszagniont of Ll.0) saupling (lazga aABAN=9CRit
iatecactianl, Ihs facaclanion & szclusively agalisd no
she zass af B9(6°Py) + SaAZ(X) anecies.

The fcllowing summary of operations was gleaned
trow vatious sources,*$~¢% pue (n the case of (3.9
coupling all information vas extlusively 7zom the
Appendices of Nerzbery, Voi. III (hlyuutal.u The
formulation vtilizes group theoretical arqusents
relating syasetry properties of the reactants, the
interssdiate ceaction complez and the products.

Liad). Caugling

12 spin~orbit coupling is swall, spin correlational
tules for linear and non linear polyatomics are
identical wvith those for diatomic molecules. The
electeon spin is not affected dy the electric fiald
erising from the intsraction of the combining

solecules/atoms, and A,$,2 are good quantum numbers.

The probles centets in the formulation of the ordit

correlation crules.

When considering the simpie interaction snhown sbove, it
becORES Necessaty to set up tables which take spherical
symsetry (atom A) and diatomic symmetry (BC) to a
symmetey X (iatermediste ABC), A similar table is
compiled vhich takes the symmetry of stow C and distosic
BA t0 & syamet:y X for ABC. The allowed slectronic
states of ABC (symmetry X) ate then obtained by forming
dize:: products of cepresentations found tzom the ':
cesolution tables (A=—>X; BC—==>X and alse BA~=>X and C-> “
X). The given states of cescrants and products will ‘
correlace if at least one species arises f{rom ihe States
formed by the teactants and the states formed dy the
products.

A nor linear complex of )} stoms will belong either
in Cy(Coo), Cqr Caqr 8N Cyy. Consider for example the

reaction,
agcr,) o sgBe(xEL/2 ) - Bgils ) o Eemr(edEty ) oL

through a non linear cowplex of C, symsetry, Jtilizing

established tables (Ref. 46) the direct cross products

can be written

Reactants:  Op, 1 3T o> 23aralpe
—r2tnretpe
Producess  lsg 2 3T —

Thus, -ue only surface wbich the products with

the reactsnts ias the single 2p' surface. If the
reaction (Bl) is considered through a C., linear
complex., the intermediste possible states are given vis
the following rules.
1. Possible intermediate (L) states resulting

neveng ° Muing) ¢ Muimgnry

l"(." e L, L=~I, ..e=b m!-(lq) e 21,0,~)

"Liugaer © tha (Myqmenry) = O

with A‘“,“ ® 0,1
2. Possibdle intermediate (3) states resulting

Sip = S *8y, Si48g-l.... 3.3y and
Sy * '...fl' « 3/2. /2

1n Table (IV-B1) various product/reactant interaction
pairs of concern are correlated %0 form an intermediate
AgBcRg conples of either C, ot O symmetry, All

cotrelations assume ssall spin orbit cowpling. Pigs.




TABLE (IV-Bl). Correlation of various interaction
pair to fors the intermediate RAgBriig
esither in Cy or C, symmetry in
(L.$) coupling.

Process Ce

LTS ML TI0 P N TSRS U » PO - SRS MO
harelne tn

Ag* (33, 1) enge™(15%)  Ia 3P

Moy i31yrede(lpy) Caredar 1500 5y, Ty,
N Y Z I

8995 1357) +Br (3p) Weeadas 251, 55,5 20y,

4 4 4
At+2%aC “!/2

agtls,)+ngse (33" Y 3% /2
ng(ls,) +aget2m) 2ne 420 20y,9
LUV 8 LI areias 25, My,
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{Iv-81,82) shov the correlation diagrams in (L,83)
coupling. Only those surfaces which directly correlate

&

are drawn, Por the complete

the ¢ to pr
list of surfaces refer to Table (IV~81). The *lines® in
Figs. (IV=81,32) ace assigned by connecting cesctants
to products through mutual sucrfaces, starting with the
product vhich has the lowest energy.

L1.-) Gansling

In the above discussion the interaction of 8¢ with
fAg8c utilized (L,8) coupling, this means that tae states
of Bq, BqgBc and HgPrEqg ace connected such thae § is
sasumed to be pPrecessing about Aand L.§ coupling is
small. £ the (L.§) interaction term 19 lacge the ¢
fiaeld in the internuclear ssins say not de sufficient
encugh to cause independent spece Juantisation of L and
S with the internuclear components A and 3. The resslt
of L and § form J, and this Precesms about the axis
vith component 0, In such cases A and I ate not defined
and only 2 tetains its seaning as the electzonic anguiar
nosente sbout the azis. TO incorporate large spin-otdit
interaction ia correlation dlagraas, the spin states of
the species alse need to be considered. A firet

150

r1G. (IV=Bl), Corcelation disgram in (L.8) coupling
ing the ¢ !q(’n and

lqlr(zs‘ ) to vagious possible produces.
In this disgcam, the correlation is
agsumed to go througd s Bgrdg
intersediste of C; symmetcy.

Hq (P1+HgBr (3T )
E——————. v\‘eu_qqt(sxw)‘er‘zc\

‘a__Hgy’c))+8r

HgBr YT )+ Hg's)

HgBr (211 ) =ug('s:
Hea('Zq) =85

HgBr (T 1 +Hg(D

REACTAN

-4
wy

PRCCLCTS

——————T—
Cg¢ Reacticn Cocrdingte




F1G. (IV-82). Corzelation diagram in (L.$) coupling
ting the ¢ u(’!) and

298r{25*) to various possible products.
In this diagras, the correlation is
aasamed to go through a ReBrig
intermediate of C,, symmetry.

1=2

Hg(*P)+ HgBr( L") s :

Hg,( 1,) + Br (*P)
‘n

2 HgA%0;)+Br(*P)
HgBr (321 +He'S)

z e ]

Os,

o \ |

% HgBr M)+ Hg('s)
1 ®

- Hg,( 2,)+Br(zP)
b HqBr(zZ°)+Hq('9

SEACTANTS PRODUCTS

———

Cov Reaction Coordingte

spprozimation, for not too lapge spin-orbit intefaction
18 to multiply the orbital eigenfunctiom with a spin
function which has a cootdinate systes that is fixed on
the patticular solecule. Onlike spece fized functions
which age totally sysmetric. such msolecule~fized spin
tunctions age affected by symmetry operstions. 350 one
needs to first establish the species of the spin function
for various S values for all the important point groups.
Herzberqg has tabulated this for wost S values (Berzperg
IXI, Appendix II, Table 56). To determine the total
slectronic sigenfunction, one forms dicect products of
the species of the spin function and the species of the
orpita) function. Consider again the exasple of the
creaction of equation (Bl), assuming large spin-otbit
intecraction and a nonlinesr intermediate (ReSrfg) of Cq
syametry. The parenthetical notes tefer the reader %o
appropriate tables in Herzberq III.

(a) 8g(3p,) —> $el, Lal

cesolve L and S into Cgy sywmet:ry

{App. IV, Tabnle 58)
s ~> A'42A" {App. II, Table 36)

Py =~> 2A'#A°
3 —
Py >SS x Py

—> (A'*2AT)X(2A°+A")
-=> SATS4A’ (App. I1I, Tedle ST

(0) BgBe(3T%) —=> 012, Le0

s* -=> A’ (APP. IV, Tadle 59
s -> )9 (APP. 11, Tadle 56)
g* =y s 3
> £y, X A'
> B3 (APp. III, Tadble ST)
tc) nqtlsy) —-> s=0, Le0
8 -—> A* (APP. » Table 38)
s —> A App. II, Table %6)

lsg —>sxs

-=> A’ 2 A’

-> A’ (App. II2, Table 57!
faving nov established the symsetry group of the total
electronic eigeafunction, one can correlate the
products sad the reactants to form & nomlinsar
internediate Ngbrfig in C, SYmmetry.

Reactantss  Jp, x 3S* > (SACednIR(Ey .y
> 1y
Products:  ls, x 3§ —> A’ 2y
V2 ]
Seting curve crowsing, one Can say thet the resctancs of
eq. i8l) correlate to product species through s single
£y,2 surface, with the stipulation that the
internediate comples is of point gzoup C,. In Table




(IV-82) "the {mportant product/reactant intezraction pai:cs
ate tabulated. they are cocrelated to form an
intermediate either in Cy or C_, sysmetry. fPigs.
(IV-5,6) in the chapter text shov the correlation
diagrams in (J,0) coupling. Again only those sucrfaces
which directly correlate the reactamts to products are
deawn, Table (IV-82} contains the coaplete llst of
sucfaces vith the agsignment of surfaces being the same

as in (L,$) coupling.

TABLE (1V-B2). Correlation of various intersction
pair to form the intersediate HgBrHg
sither in C, or C_, sysmeery in
{J.,3) coupling.

Process Cg , Covw
inter- inter~
nediste mediate

ng Oy engardE] 50 9%y 42),,038y 5085y

ag* 138y q1engBr (35N By, £y

ne; 1008030 182, 5By 5048y /3438g,2%3Ey)2
L e MELLIL M 9%y,/2 SBy/2%38y/3%Es)2
ngtis,) sugar(ish L, %3

ng (s, +ngne () Wy, By 9083

LTRSS RT LI 3Ly ,9 22y,3%8y2

"—'—"—_"——-——————-——-1
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CEAPTER V

CORCLUS IONS

In the inttoduction of tRia NE8LS Sevela)l research
aceas concerning the mercury halide species vere
discussed a8 having tecnu~)agical and scientif:c
importance. Througd various ezperisents., :be
discussions in Chapters II through IV nave previded
some i1nSight i1nto those resedrch areas. Thougd some of
the preasing questions have Deen sddreesed, an equal :!f
not » greater number have not, and a8 always {8 with
such experiments. new Juestions have deen raised. In
+his chapter s few of themse questions afe presented as
ideas for futute thought.

The largest source of uncertainty in all the
kinetic studies ceported in this thexis, hHas been in
not accurately knowing the BgSr, vaper pressure. Though
vapor Pregsute vs. tamperstute curves do exist, they 3o
not extend to temperatures lower than 100°¢.!  To extend
these vapor pressure curves £or pPredsures near room

temperatures, extrapolation techniques using computers

vere utilized. [t aust be zentioned aumbers
obtained from the extrapelation agree vell vith those
nmentioned in the current litersature. In hindsight, 1t
ts of iaportance and of necessity to have the vapor
pressuce vs. temperatute curves of quz(x-CL.st.Z)
species properly extended %o regions near toom
tewparature.

The probability for the production of MgBr radicals
vias lqlr, photolysis at 193 nm has been seasured and is
nown quite well ( Q.E.- 1.0 for forming %qsc(B1).>>)
Hovever, thers has not been a concerted effort to
analyze the photolysis products at other vavelengths :@n
the OV. BSased on enecgetics and absorption features 't
{8 postulsted which products should nuz.‘ Sut sne does
nct know the various photolysis channels se a function
of wsvelength. Por instance, it will be of {mportance
to know wvhether BQBry dissociates to BoRr(Xje®r or
BqeB8r+Ar for excitations ¢ 30,000 cm”).  sueh processes
will i{nfluence dcamatically the nuaber and charscter of
the cadical species vhose kinetic dehavior affect laser
pertormance. Also of importance to the AgNc(B~="X)
laset is the pretequisite that the laser opetate over 2
great many shots. Therefors recombination processes of

tive mercury dromide species need to be understood.




Currzently vocking 89Sr(B—>X) lasers in sesled systems
teach their half power lavels after 108 shots.d It has
Seen assumed that recombination cates are relatively

€ e to keep the patent species from being removed via
contaminacting teactions. But to optimisze the

AgBz (B=~>X) laser will require a sore thorough
understanding of the cecombinstion process.

In the ezpeciments of Chapter IV it vas observed

that the reactive ing of ble BEg atoss vith
3g8r(X) and 3z(3?) sbowed evidence of ton-pair
torsation. As previcusly discussed (Chapter IV}, the
ion=pair vould ensue following charge transfer £ros the
excited atom to the respective bromine. The transient
Hg*se~ ton=pair bas the necessary characteristics of
forming slectronically excited HgBr(B) species. The
potential assymtote for the SZE°1/2 state of 8BGBr is
known to correlste to the Ag® + 8¢~ pair.’ It chen
becomes the task to find s means of stabilizing the
aewly formed {on-pair. The fact that BgSc(B——>X)

chemiluminescence was observed in the experisents of

Chapter IV,
#g(67g) +BgBr (X35*) ) —>89 (6150} +BgBr (8257 51 (1)
Agr (B35%) 3) ——>Bgpr (X3E*) /5) + bv t2)

says that a fraction of the scattering pair is

inhetently being stabilized to form hgund 898t (B)
wolecules. Perhaps the spectator Hg atom plays this
zole for the case of Reaction (l). The fraction of
molecules being stadbilized is expected to De small
because of the fact that repulsive potentials cucrve
cross at high energies of zhe l22°1,z electzonic state.
There are several means vwith vhich transient species say
be stabilized. Collisional deactivation is the most
common and efficient. EgRr:3) vibrational spacing ac
high v’ ate espected to be small (-100 o )7 ana
collisional deectivation is expected to De iou
efficient (Chapter III Appendix C}. A dravback of the
collisional quenching scheme is the necessity for high
buffer 9ae pressuces (- 3 atm) vhich say also queach
electronic states of the species involved. The
sftuation could improve sligbtly if the buffer gas used
has small crossection for electronic quenching and lacge
polacizanilities, such as Xe (4.0x1072% cady and &y
(1.76210°2¢ eah1.? nqgac(B) has a large static dipole
soment and via dipole-induced-dipole processes (long
range) or charge~induced interaction (shorter range),
the quenching crossections could de sade lacger than gas
xinetic. In the case of quenching vibrationsl states of

NgBc(X,v®), the van der Waals interaction seems to play

a role (see Fig. (111~ 7 and 8)) as quenching by Xe vas
nore efficient than fNe. A van der Wasls interaction can
increase the quncunq'udtu-. as for the case of
Xe+fgBr(X,v*) the calculation shows the ‘quenching

radius to be nearly twice the gas kinetic cadii.
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